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The deduced amino acid sequences of antiquitin (ALDH7) from plants and 
animals exhibit about 60% homology, indicating that the protein might play a crucial 
physiological role. The antiquitin mRNA level is upregulated in the shoot of Pisum 
sativum, Brassica napus and Hordeum vulgare under osmotic stress. Antiquitin is thus 
believed to play a role in some osmotic ad叩tive pathways in the cell, although its 
specific action remains unclear. Antiquitin is constitutively expressed in human tissues, 
especially in the kidney and cochlear where osmotic balance must be maintained for 
proper functioning. However, whether this enzyme is inducible under conditions of 
osmotic stress in human cells has not been systematically studied. On the other hand, 
antiquitin protein level is upregulated in pig oocytes during in vitro maturation. In the 
present study, the human embryonic kidney cell line (HEK293) and human 
hepatocellular carcinoma (HepG2) were used to study the inducibility of antiquitin under 
various conditions of stress. The cells v'rre subjected to different regimens of 
hyperosmotic stress by salt (NaCl, KCl and MgC^), sugars (glucose, fructose and 
sucrose), sugar alcohols (sorbitol and mannitol) and urea in the culture medium. The 
cells were also subjected to hypoosmotic stress, oxidative stress (/BHP and H2O2), 
chemical hypoxia, heat-shock, and forskolin challenge. The antiquitin mRNA levels 
were analyzed by reverse transcription polymerase chain reactions. Under all these 
conditions, no significant increase in the antiquitin mRNA level was registered. In some 
cases, a slight downregulation was noted. In contrary to the situation in plants where 
antiquitin has been demonstrated to be inducible under stress, it appears that antiquitin in 
these human cell lines did not respond to the applied stress conditions. Putative cis-
acting elements related to growth and development, such as Spl, AP-2 and NF-1L6, are 
V I 
present in the promoter region of human antiquitin. Therefore, antiquitin was 
overexpressed in the cell lines to study its roles in cell growth by examining the ceil 
doubling time and cell cycle. The stress resistance responses to hyperosmotic stress were 
also studied. Besides, the global alterations in transcriptomes and proteomes of the cells 
with antiquitin overexpressed were detected by oligonucleotide array, 2D electrophoresis 
and mass spectrometry. The consequences after antiquitin overexpression were different 
in the two cell lines. The cell doubling time of the antiquitin transfected HEK293 cells, 
has been significantly lengthened with cells accumulated at both S and G2/M phases of 
the cell cycle, while the cell doubling time of the antiquitin transfected HepG2 cells was 
not significantly different from that of the mock transfected cells, and showed cell cycle 
arrest at S phase only. These results lead to a suggestion that antiquitin plays a role in 
cell cycle regulation and its role may be different in normal (HEK293) and cancer 
(HepG2) cells. Furthermore quite a number of genes and proteins upregulated in the 
transfected HEK293 and HepG2 cells detected by the oligonucleotide array and mass 
spectrometry were related to cell growth and differentiation. The physiological function 
of antiquitin in cell cycle, cell growth and differentiation remains to be elucidated. 
v i i 
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General introduction 
Antiquitin has its name due to the remarkable level of conservation through 
evolution. The human antiquitin has an exceptionally high amino acid sequence 
homology (-60%) with its plant counterparts. The great evolutionary gap between 
plants and animals results in only a low level of homology between most proteins 
serving similar function in plants and animals. So the evolutionarily conserved genes 
are believed to play indispensable roles in the cells, some examples are beta-actin 
and tubulin, the heat-shock proteins (Doolittle, 1992) and also the proteins relate to 
the cell cycle (Meraldi and Sorger, 2005). 
The amino acid sequence of antiquitin shows -30% homology with aldehyde 
dehydrogenase (ALDH), residues and domains that are known to be essential for 
dehydrogenase function are highly conserved, including the four invariant residues 
(Sophos et al., 2003; Perozich et al., 1999a; Perozich et al., 1999b), therefore 
antiquitin is in the superfamily of ALDH. There are twenty-two different gene 
families recorded in the human genome and three of them are pseudogenes 
(www.aldh.org). 
The antiquitins of different species found in the National Centre for 
Biotechnology Information (NCBI) with their sequence homologies are summarized 

































































































































































































































































































































































































































































































































































































































same subfamily, ALDH7. It was based on the nomenclature scheme suggested in 
www.aldh.org. ALDH7A refers to animal antiquitins whereas ALDH7B refers to 
plant antiquitins (Sophos and Vasiliou, 2003). 
Aldehyde dehydrogenases (ALDH) superfamily 
ALDH represents a protein superfamily of NAD(P)+-dependent enzymes that 
oxidized a wide range of endogenous and exogenous aliphatic and aromatic 
aldehydes (Vasiliou et al, 2004). In general, ALDH are categorized as critical for 
normal development and/or physiological homeostasis even when the organism is in 
a friendly environment, or in a hostile environment (Vasiliou et al., 1999a). 
ALDH catalyze the biotransformation of a single endobiotic for which they are 
relatively specific and of which the resultant metabolite is essential to the organism. 
Most of the human ALDH fall into this class, ‘Class 3', one of the two major trunks 
according to the phylogenetic classification (Perozich et al., 1999b). The other trunk 
is ‘Class 1/2' which are relatively substrate nonspecific. Their functions are mainly 
on the protection of the organism from potentially harmful xenobiotics, specifically 
aldehydes or xenobiotics that give rise to aldehydes by catalyzing their detoxification 
(Sladek 2002; Perozich et al., 1999b). 
On top of the above mentioned functions, ALDH are also responsive to various 
stress such as salinity, desiccation, hypoxia, cold and heat-shock (Barclay and 
3 
McKersie, 1994; Oberschall et al, 2000; Bartels, 2001) as well as cell growth and 
differentiation (Dalbies-Tran and Mermillod, 2003; Zeng and Schultz, 2003). For 
example, cytosolic ALDH-1 and mitochondrial ALDH-2 oxidize acetaldehyde and 
participate in ethanol metabolism (Yoshida et al., 1998; Vasiliou et al., 2000). 
When the cells are under hyperosmotic stress, betaine aldehyde dehydrogenase 
(BADH) converts betaine aldehyde to glycine betaine as one of the important 
osmolytes in the osmoregulation adaptive pathway (Gruneeald and Eckstein, 1995). 
ALDH also participate in cell growth and proliferation. For example, 
10-Formyltetrahydrofolate dehydrogenase (FDH，also known as ALDHILI) is 
involved in formate metabolism as well as the regulation of 10-formyl-THF, which 
are principal sources of folate in the cell. Folate enzymes catalyze the biosynthesis of 
nucleotides and are critical for cell proliferation (Krupenko and Oleinik, 2002). Loss 
of the capacity for folate metabolism has deleterious effects on cells, manifesting 
reduced cell growth (Borman and Branda, 1989) and impairment of cell division 
(Cool et al, 1991). 
Last but not least, aldehydes are also generated during retinoic acid biosynthesis 
(Drager et al., 1998) and the metabolism of amino acids, lipids, carbohydrates and 
drugs (Choudhary et al., 2005; Kim et al, 2005). Mutations in several ALDH genes 
are the molecular basis of inborn errors of metabolism and contribute to 
4 
environmentally induced diseases (Rizzo et al., 2005; Vidal et aL, 2004). 
Background of antiquitin 
Plant antiquitins (ALDH7B) 
Plants activate a number of genes involve in adaptation to water stress during 
drought (Zheng et al., 2004). Loss of plant cell turgor leads to osmotic adjustment 
and the accumulation of compounds such as sucrose, sugar alcohols, organic acids, 
proline and glycine betaine (Good et al., 1994), while the accumulation of proline 
and glycine betaine involve increased rates of synthesis and change in proline 
transporters expression (Grallath et al, 2005). Along with metabolic changes, many 
physiological processes change also in response to the reduced cellular water 
potential, including photosynthesis, released of abscisic acid (ABA), shoot and root 
growth (Ramachandra Reddy et al., 2004; Sharp et al‘, 2004). 
Antiquitin was first discovered in plant. ALDH7B1 mRNA level was induced 
four- to six-fold in 4 h by dehydration of shoots but not roots and heat shock and 
ABA in Pisum sativum (Guerrero et al., 1990) (Figure 1.1). The increased mRNA 
level was not altered by pretreatment of shoots with cyclohexamide, this result 
indicated that no new proteins were needed to be synthesized in order to induce the 
level of ALDH7B1 mRNA. The mRNA level was declined to pre-stress levels within 
2 h of rehydration (Guerrero et al., 1990). Subsequently, ALDH7B3 mRNA was also 
5 
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Figure 1.1 Expression of ALDH7B1 in the wilting pea tissues (modified from 
Guerrero et al” 1990). The Northern blot showed the abundance of ALDH7B1 
transcript in the wilting leaf, stem and root of the green garden pea. C represents 
control while W represents wilting. 
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found to be increased in Brassica napus leaves, which was increased also when the 
plants were exposed to high salinity, low temperature, heat shock and ABA (Storeher 
et al, 1995). This inducible pattern was also observed in Hordeum vulgare leaves 
and roots after drought stress for 6 or 10 h (Oztur et al., 2002), and ALDH7B4 in 
Arabidopsis thaliana leaves under salt and ABA stress (Kreps et al., 2002; Seki et al., 
2002a; Seki et al., 2002b; Bray et al, 2004 and Kirch et al., 2005). Therefore 
ALDH7B was believed to play a role in stress adaptive pathway. However, this may 
be restricted to higher plants only. Chen and his colleagues reported that ALDH7B6 
mRNA level remained unchanged when Tortula rural is, a moss, was subjected to 
desiccation, NaCl, altered light levels, ABA or UV-C treatments (Chen et al., 2002). 
In addition to various stress and ABA stimuli, ALDH7B5 protein was found to 
be increased with the stage of Mains domestica maturation in terms of days after 
flowering (DAF) (Yamada et al., 1999). Plant antiquitin was also found to be 
upregulated during the induction of somatic embryogenesis in Cucumis sativus 
(Linkiewicz et al., 2004). 
Based on the observations that most of the ALDH7B mRNA levels were 
upregulated by dehydration, antiquitin was believed to play some roles in the osmotic 
adaptive pathways, presumably through the synthesis of organic osmoprotectants 
and/or the catalytic removal of toxic and reactive aldehydes formed during water 
7 
deficit, although the specific mechanism involved remained unknown (Vasiliou and 
Nebert, 2005). 
Animal antiquitins (ALDH7A) 
Studies of animal antiquitins have been focused on mammalian (ALDH7A1) 
and seabream. Thanks to the advancement of the genome sequencing projects, 
genomics, transcriptomics and proteomics, sequences of antiquitin were discovered 
in many other species as well, such as Caenorhabditis elegans (ALDH7A2) and 
Drosophila melanogaster (ALDH7C1) (www.aldh.org), their expression studies have 
yet to be performed. 
Animal antiquitin was discovered when Lee and colleagues attempted to 
identify genes involving in idiopathic hemochromatosis, using a rat intestinal mucosa 
cDNA library. Antiquitin was expressed in different rat tissues ubiquitously (Lee et 
ai, 1994). Then in an effort to identify gene involved in hearing disorders and 
deafness, antiquitin was found in human fetal cochlear cDNA library, which meant 
that antiquitin was one of the potential candidate genes that caused hearing disorder 
when mutated (Skvorak et al., 1997). Northern blots of 13 human fetal tissues 
showed that antiquitin was highly expressed in cochlear, ovary, eye, heart and kidney 
(Figure 1.2). Using reverse transcription polymerase chain reaction (RT-PCR) to 
study the rat cochlear hair cell-specific cDNA libraries, Skvorak found that antiquitin 
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Figure 1.2 Tissue distribution of antiquitin in human fetus (modified from 
Skvorak et al” 1997). The Northern blot showed the abundance of antiquitin 
transcript in a variety of human fetus tissues. The expression of antiquitin was 
normalized by rRNA. The approximate transcript size was indicated at the right. 
Apparently there were 3 transcript variants of antiquitin. 
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was expressed in the outer hair cells (OHC), but not in inner hair cells (IHC) or 
vestibular type I hair cells (VHC). This indicated that antiquitin was not expressed 
ubiquitously in the cochlear (Skvorak et al., 1997). 
The cochlea is responsible for processing of auditory stimuli. Cochlear contains 
two subtypes of sensory receptors: the IHC and OHC. The IHC are responsible for 
the transduction of mechanical stimuli into electrical signals, while the OHC are 
sensors and are responsible for the mechanical amplification of the basilar membrane 
motion, in which a positive hydrostatic pressure has to be maintained in OHC only. 
OHC are very fragile, and they would collapse when exposed to increased osmolality. 
The damage of OHC cannot be replaced, making the cochlea becomes less sensitive 
and the frequency selectivity is severely affected (Harter et al., 1999; Skvorak et al, 
1997). As ALDH7B was thought to be involved in regulating hydrostatic pressure in 
plants, which was also crucial in cochlear for its proper function, therefore 
ALDH7A1 may also play a role in regulating water movement and osmotic balance 
in the mammalian cells. 
In addition to deafness, antiquitin was also studied as a candidate gene of 
Meniere disease (MD), an idiopathic disorder of the inner ear. The accumulation of 
endolymph in the inner ear leads to swelling of the vestibular labyrinth resulting in 
MD (Lynch et al., 2002). There was no direct linkage between antiquitin and the 
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disease, in which the substitution of residues in the introns as well as in the exons 
causing changes in the predicted amino acid were found in both the affected and 
non-affected individuals. However, MD is autosomal dominant inherited (Oliviera 
and Braga, 1992, Morrison, 1995) and many autosomal dominant conditions show 
less than full penetrance. The causes of this phenomenon including a second somatic 
mutation may be needed for the condition to manifest; and the disease may be 
triggered by exposure to environmental factors like certain drugs. Also many 
autosomal dominant conditions demonstrated variable expressivity so that members 
of the same family can vary considerably in the severity of their disorder. Therefore a 
larger sample size may be needed to confer the residues substitutions in the affected 
individuals as well as the apparently non-affected individuals to be a SNP rather than 
disease causing. 
Besides, antiquitin was also suggested to be one of the candidate genes causing 
the mutant PIG-A stem cells to have a selective advantage in the bone marrow 
(Kanai et al., 1999; Horikawa et al., 1997). By comparing the patterns of cDNA 
expression between a human lymphoblastoid cell line with mutant PIG-A and its 
wild-type counterpart, the PIG-A mutant cells failed to express antiquitin mRNA. 
Depending upon the functional properties of the involved genes, these differences 
could influence the proliferative properties of PIG-A mutant cells and contribute to 
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the selective advantage and clonal dominance that characterize paroxysmal nocturnal 
hemoglobinuria (PNH) (Kanai etal., 1999). 
In the aforementioned studies, antiquitin was studied at molecular level, by 
screening the cDNA library or Northern blotting. The antiquitin protein has first 
studied by purifying it from the black seabream liver (Fong et al., 2003). This 
allowed the characterization of antiquitin enzymatic ability by using a number of 
aldehydes commonly used to study the ALDH enzymatic properties, including 
acetaldehyde, propionaldehyde, and octanal, and NAD+ as coenzyme (Chan et al., 
2003; Tang et al., 2002). However, as the Km for them to antiquitin were high, so 
that they were not likely to be the physiological substrate of antiquitin. These 
experiments gave rooms to hypothesize antiquitin to be participated in the adaptive 
pathway when the cell was under stress, like the other ALDH counterpart, betaine 
aldehyde dehydrogenase. 
Despite the large hydrophobic region found in the middle of human antiquitin 
from its deduced primary amino acid sequence, in which the possibility of the 
presence of a transmembrane domain suggested that antiquitin may have a transport 
function (Lee et al, 1994; Guerrero et al., 1990), the subcellular localization of black 
seabream antiquitin was cloned as a fusion protein with green fluorescent protein 
(GFP). The experiment suggested that the compartment where seabream antiquitin 
1 2 
localized was cytoplasm (Tang et al., 2005). 
Thanks to the advancement of two-dimensional (2D) electrophoresis and 
matrix-assisted laser desorption ionization time-of-flight mass spectrometry 
(MALDI-TOF MS) techniques, antiquitin was found in many different areas as well. 
These included the antiquitin protein level was downregulated in the mouse liver 
after a single dose of alcohol ingestion (Park et al. 2004), but upregulated in the pig 
oocytes during their in vitro maturation (IVM) (Ellederova et al., 2004). 
Antiquitin was abundant in human fetus ovary (Skvorak et al，1997), as well as 
in pig oocytes (Ellederova et al., 2004). It was significantly increased in the first 
meiosis (MI) and the second meiosis (Mil) stages compared to the germinal vesicle 
(GC) oocytes during IVM. IVM is characterized by initial GV breakdown and 
rearrangement of microtubule network during the MI, following by extrusion of the 
first polar body and blockage of the oocytes in the metaphase of the MIL Only the 
fully matured oocytes are capable of undergoing fertilization and initiation of zygotic 
development (Zeng and Schultz et al., 2003) 
The pool of oocyte mRNA sustains a highly orchestrated program of gene 
expression essential for its own development, maturation, and fertilization as well as 
for early embryonic development. After the GV breakdown, gene expression is 
mainly under post-transcriptional control, which involved differential degradation, 
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stabilization and storage of transcripts, and their timely recruitment to the translation 
machinery. Embryonic transcripts become dominant with the onset of major 
transcription in the four to eight-cell stages in human (Hansis and Edwards, 2003). In 
the primordial follicle, the oocyte is appeared transcriptionally quiescent. The 
synthesis of both ribosomal and heteronuclear RNA is first detected in the secondary 
follicle. Transcription becomes extremely intense within the tertiary follicle. 
As embryonic developmental program is initially directed by maternally 
inherited proteins and transcripts, which is replaced by a new program as a 
consequence of the expression of new genes, therefore the possible roles of animal 
antiquitin plays in cell cycle regulation and the subsequent cell growth or cell 
differentiation have to be studied in addition to the stress responsiveness towards 
dehydration. 
Human antiquitin information on NCBI 
Human antiquitin was mapped to chromosome 5q31 (Skvorak et al., 1997). The 
open reading frame (ORF) on it contained 1536 nucleotides, encoding for 511 amino 
acids. The deduced human protein has a molecular mass of 55kDa. Among the 
ALDH superfamily, only antiquitin was reported to have pseudogenes. They were 
identified and mapped to 5ql4 (ATQLl, NCBI Accession no. AF005693), 7q36 
(ATQL3, AF002694) and 10q21 (ATQL4, AF002695) (Skvorak et al., 1997). 
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Interestingly, ATQLl was actually located in the intron region of cAMP-specific 
phosphodiesterase 8B (PDE8B) gene (NCBI Accession no. AY129950). 
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Rationale of studying the inducibility of antiquitin and its overexpression in 
HEK293 and HepG2 cells 
Antiquitin mRNA level was increased under osmotic stress in green garden pea 
(Guerrero et al., 1990). Subsequently, it was also found existing in mammalian 
species. Due to its inducibility by dehydration in plants (Guerrero et al., 1990; 
Stroecher et al., 1995; Kirch et al, 2005; Bray et al., 2004; Oztur et al., 2002) and 
high level of expression in human kidney and cochlea where osmotic balance were 
important for proper function (Skvorak et al, 1997), antiquitin was believed to play a 
role in some osmotic adaptive pathways. The enzymatic capacity of the seabream 
homolog suggests its possible role in the synthesis of organic osmoprotectants, like 
betaine aldehyde dehydrogenase, or involved in the removal of toxic and reactive 
aldehydes (Oberschall et al., 2000; Bartels, 2001) formed during water deficit. 
However, the inducibility of human antiquitin has not been systemically accessed 
thus far. In this study, a kidney cell line and a liver cell line were used to study the 
inducibility of antiquitin under various conditions of stress. The HEK293 cells 
represented kidney where abundant amount of antiquitin mRNA was found while the 
liver, using HepG2 to represent, had little (Skvorak et al., 1997). The cells were 
subjected to different regimens of hyperosmotic stress by salt (NaCl, KCl and 
MgClz), sugars (glucose, fructose and sucrose), sugar alcohols (sorbitol and mannitol) 
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or urea in the culture medium. Since the antiquitin mRNA level was still induced 
without new protein synthesis for activation (Guerrero et cd., 1990), it likely 
represented an early factor in the drought response signal transduction pathway. 
Therefore 6 h were chosen as the incubation period for the hyperosmotic medium 
(Chevaile et al., 1998). The cells were also subjected to hypoosmotic stress, 
oxidative stress (,BHP and H2O2), chemical hypoxia, heat-shock, and forskolin 
challenge. The antiquitin mRNA levels were analyzed by reverse transcription 
polymerase chain reactions (RT-PCR). 
The locus (5q31), to where human antiquitin was mapped, was error prone and 
genetic diseases, especially hearing disorders, were subsequently resulted (Xia et al, 
2002; Lai et al., 2000; Leon et al., 1992). Furthermore, most of the studies of 
mammalian antiquitin were started from disease relating genes, including those of 
idiopathic hemochromatosis (Lee et al., 1994), hearing disorder (Skvorak et al, 1997; 
Lynch et al, 2002) and PNH (Kanai et al., 1999). However, antiquitin had not been 
reported to have a direct link with these diseases after verifications. Therefore, the 
putative c/5-acting elements existing on the putative promoter of human antiquitin 
were studied by searching on the available databases. These help to generate new 
hypotheses for studying the roles of antiquitin in human cell. 
Lastly, based on the observation of increased antiquitin expression level along 
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with the maturation of apple fruit (Yamada et al., 1999), cucumber embryo 
(Linkiewicz et al., 2004) as well as the pig oocytes (Ellederova et al., 2004), the 
possible role of antiquitin in cell growth and differentiation cannot be neglected. In 
this study, the human antiquitin ORF was cloned and overexpressed in the HEK293 
and HepG2 cells. The transfected cells were then characterized in the aspects of cell 
growth using the parameters of cell doubling time and cell cycle. Overexpression of 
stress responsive aldehyde dehydrogenase was found to improve the plant resistance 
to stress (Sunkar et al., 2003)，therefore the resistances of the transfected cells to 
hyperosmotic stress were studied. The alterations of transcriptome and proteome in 
the transfected cells were also studied by oligonucleotide array, 2D electrophoresis 
and MALDI-TOF MS. The flow of the experiments and the aforementioned were 
summarized in the flowcharts 1, 2 and 3. 
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Application of the hyperosmotic media to HEK293 
andHepG2 cells: 
A. Salt C. Sugar alcohol 
i. NaCl i. Sorbitol 
ii. KCl ii. Mannitol 
iii. MgCh 




Viability of treated cells measured by MTT assays 
^ r 
Concentrations of substances giving 80% and 50% cell viability 
were used to treat cells for total RNA extraction 
1 r 
RT-PCR for antiquitin expression studies 
Flowchart 1 Procedure of antiquitin expression studies in the HEK293 and 

















































































































































































































































































































































































































































































































































































































































Chapter 1 Inducibility of antiquitin in the HEK293 and HepG2 cells 
under hyperosmotic stress 
1.1 Introduction 
1.1.1 Cellular response to hyperosmotic stress 
Osmolality is the total molar concentration of the solutes. The osmolarity 
of a medium is determined by the medium formulation. Osmolarity is an important 
environmental factor that imposes a major selection pressure on the evolution of life. 
As a result of this pressure, all cells have osmoregulatory mechanisms to control the 
intracellular ionic milieu, for which cell metabolism has been optimized. When cells 
are under hyperosmotic stress, there are profound changes in cellular functions, 
namely cell shrinkage, increase in intracellular ionic strength, inhibition of enzyme 
activities and inhibition of biosynthetic processes. To survive, intracellular ion 
homeostasis is particularly important with regards to inorganic ions, whose 
concentrations are important rate determinants for biochemical reactions. The 
molecular mechanisms by which intracellular ion homeostasis is maintained, are 
carefully tuned to the particular osmolarity and ionic composition of the external 
environment. An osmolarity change in the external environment caused perturbation 
of intracellular ion homeostasis because the mechanisms responsible for the 
generation of osmotic and ionic gradients across the cell membrane cannot be 
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adjusted instantaneously. Consequently, a change in the osmolarity of the 
environment imposed an osmotic stress upon cells affecting the concentration and 
stability of macromolecules (Timasheff, 1993), the rate of biochemical reactions, and 
cell function as a whole (Dmitrieva et al., 2002). Cells respond to osmotic stress with 
a variety of osmoregulatory means, including cell volume regulation (Hofmann and 
Dunham, 1995), restoration of intracellular inorganic ion homeostasis by compatible 
organic osmolytes, including sorbitol, m少o-inositol, glycine betaine, proline and 
taurine (Yoshiba et al., 1999, Burg et al., 1997), compensation of macromolecular 
function (van Why and Siegel, 1998), and acute synthesis of stress proteins and 
accumulation of compatible organic osmolytes that restored the intracellular volume 
and reduced the ionic strength (Garcia-Perez et al., 1991). The concerted action of 
the different aspects of cellular responses to osmotic stress promotes survival and 
adaptation of cell function to an altered osmolarity. 
Adaptation of cells to hyperosmolarity often involved changes in genes 
expression. These genes, including aldose reductase, betaine transporter, 
Na/Cl/taurine cotransporter, inositol transporter and heat shock proteins, were 
upregulated when the cells were under hyperosmotic stress (Burg et al., 1997). Their 
upregulations increased the concentration of compatible organic osmolytes, 
osmotically active substances in which their accumulation did not damage the 
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macromolecule structures and functions in the cells as do the ionic substances 
(Dmitrieva and Burg, 2005). For example, hyperosmolarity increased the renal cell 
sorbitol level by raising the activity and amount of aldose reductase which catalyzes 
the synthesis of sorbitol from glucose (Steffgen et al., 2003). 
1.1.2 Methods to study the responses of cells under hyperosmotic stress 
The cellular responses towards hyperosmolarity can be studied in the 
transcriptional level and functional level. Most of the genes found to have altered 
expression level were discovered by differential gene expression towards stress, like 
osmotic stress protein 94 (Kojima et al., 1996) or by a candidate gene approach 
based on the similar DNA sequences, like Na/Cl/taurine cotransporter (Uchida et al, 
1992). They were then studied in detailed and specifically by using RT-PCR and/ or 
Northern blotting, normalizing to house keeping genes such as beta-actin (Tian and 
Cohen, 2001b). 
Studying the transcript amount of a gene under stress was convenient and 
especially useful when there was no specific antibody to the target protein, like 
antiquitin in human cells. Things to worry were not much in the sensitivity of the 
detection method when qualitative pilot studies were applied, but the extent of stress 
applied was a concern. If the cell has been damaged too much by the stress, prior to 
any adaptive measures start to response, apoptosis cascade started to run. Therefore 
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cell viability tests were done first to select the conditions of stress for the cells 
(Huang and Tunnacliffe, 2004). 
It can be seen that drought stress can be applied to the whole plant by stop 
watering it, or watering with salty water (Stroeher et al., 1995, Guerrero et aL, 1990), 
however, drought was unlikely to be encountered by the human cells unless 
accidentally the internal close environment was exposed to air，but dehydration by 
hyperosmolarity was possible. In order to study the inducibility of antiquitin in 
human cells under the dehydration stress, hyperosmotic media were applied onto 
obviously the kidney cells and also liver cells, which face the hyperosmotic 
challenges under the influence of hormones, cumulative substrate uptake or oxidative 
stress (Warskulat et al., 1996). 
In this study, therefore the expression level of antiquitin in the HEK293 
and HepG2 cells towards dehydration by hyperosmotic medium would be studied by 
RT-PCR, the cell viability would be studied first to select the stress conditions for the 




1.2.1 Cell culture media 
Dulbecco's Modified Eagle Media (DMEM) and Roswell Park Memorial 
Institute (RPMI) 1640 media were prepared according to the manufacturer's protocol. 
The pH of the media were adjusted to 7.15, then sterilized filtered by 0.22j^m 
cellulose acetate membrane bottle-top filter (7111, Falcon, Becton Dickinson, NJ, 
USA). The plain media were stored at 4°C. 
lOX Phosphated buffered saline (PBS) was prepared by having 26.6mM 
KCl, 14.7mM KH2PO4, 1379.3mM NaCl and 80.6mM NasHPCU.^HzO. The pH was 
adjusted to 7.4. After being autoclaved, the buffer was stored at 4°C. 
1.2.2 Buffers for RNA use 
DEPC (0.01%) treated water was prepared after overnight stirring of DEPC 
in water at room temperature (RT) to completely inactivate the DNase and RNase. It 
was autoclaved to decompose DEPC. 
lOX Tris-EDTA (TE) buffer was prepared by having lOOmM Tris-HCl and 
lOmM EDTA in double distilled water (ddHiO), pH 8.0，and autoclaved. 
lOX MOPS buffer was prepared by having 0.2M MOPS, 20mM sodium 
acetate and lOmM EDTA in autoclaved DEPC-treated water, pH 7.0. 
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1.2.3 Buffers for DNA use 
DNA loading dye was prepared by using 0.05% bromophenol blue, 0.05% 
xylene cyanol and 50% glycerol in TE buffer. 
5X Tris-Boris Acid-EDTA (TBE) buffer was prepared by having 44.5mM 
Tris-base, 44.5mM boric acid and lOmM EDTA, pH 8.0, and autoclaved. 0.5X 
working TBE buffer was used for DNA electrophoresis. 
1.2.4 Other chemicals 
MTT solution was prepared by using 3mg/ml MTT in PBS. It was stored at 
4°C and used within two weeks. 
300X Poly-D-lysine solution was prepared by dissolving 3% poly-D-lysine 
(w/v) in sterile PBS and stored at -20°C as 50)^ 1 aliquot. It was used to coat all the 
plates for seeding HEK293 cells. 
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1.3 Methods 
1.3.1 Culture of HEK293 and HepG2 cells 
HEK293 cells were maintained in Dulbecco's Modified Eagle Media 
(DMEM) supplemented with 10% (v/v) heat-inactivated horse serum, 1% (v/v) 
non-essential amino acids solution, lOOU penicillin and lOOjiig streptomycin 
(complete medium) at 37°C, in a 5% CO2 incubator (SHEL LAB) with humidified 
atmosphere. 
HepG2 cells were maintained in Roswell Park Memorial Institute (RPMI) 
1640 media supplemented with 10% (v/v) fetal bovine serum, lOOU penicillin and 
100|ig streptomycin (complete medium). The cell line was kept in the same condition 
as for HEK293 cells. 
Generally both HEK293 and HepG2 cells were kept in 150cm^ culture 
flasks. The cells were passed every 3 to 4 days after growing to confluence. In each 
passage, the spent medium was discarded. Cells were then washed with phosphate 
buffered saline (PBS) once. Trypsin was added to release adherent cells from the 
culture flask. Complete medium was added to collect the suspended cells. 
Centrifugation was carried out at 453 x g (1,500 rpm, 16.0 cm, Eppendorf Centrifuge 
581 OR) for 3 min. Pellet of cells was then re-suspended in complete medium and 
passed to a new culture flask at least in a 1:10 fashion for future use. 
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1.3.2 Hyperosmotic stress on HEK293 and HepG2 cells 
Hyperosmotic media were prepared by incorporating different 
concentrations of substances in the plain medium (DMEM or RPMI 1640 only). The 
substances used for preparing the hyperosmotic media included salt (NaCl, KCl and 
MgCli), sugars (glucose, fructose and sucrose), sugar alcohols (sorbitol and mannitol) 
and urea. The osmolality of the solutions was determined on a Wescor Vapro® Vapor 
Pressure Osmometer. The control experiments were performed in the plain DMEM 
or RPMI 1640 medium. 
1.3.3 MTT assay 
The viability of the cells after treatments were determined by 
3-[4,5-dimethylthiazole-2-yl] 2,5,-diphenyl tetrazolium bromide (MTT) assay. It was 
performed in a 96-well plate format. The spent medium for treatments was removed 
after treatments. The cells were washed carefully by PBS. Fifty microliters of 
3mg/ml MTT in PBS was added to each well for 2 h incubation. Fifty microliters 
10% sodium dodecyl sulfate (SDS) solution was added to lyses the cells, followed by 
80|li1 absolute isopropanol to dissolve the formazan crystal. The absorbance was read 
at 540nm in the plate reader (BIO-RAD ELISA plate reader 3550). The viability of 
the control was set to be 100%; the relative viability of the treated cells can then be 
calculated. The concentrations of chemicals giving 80% and 50% cell viability were 
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used to treat the cells again for total RNA collection. 
1.3.4 Total RNA extraction 
Total RNA was isolated from the treated HEK293 and HepG2 cells by 
TriPure Isolation Reagent according to the manufacturer's protocol. The 
concentration of the total RNA was determined by the absorbance at 260 nm (A260). 
The purity of the RNA was determined by the A260/A280, which was found between 
the range of 1.9 to 2.1 in TE buffer. The RNA was subjected to electrophoresis in a 
1% RNA denaturing gel for checking the integrity, by the visibility of two sharp 
bands of 28S and 18S rRNA. 
1.3.5 Reverse transcription polymerase chain reaction (RT-PCR) 
The first strand cDNA from the treated cells was synthesized from 3|ig 
total RNA by Moloney Murine Leukemia Virus reverse transcriptase (MMLV-RT), 
using oligo-dTi7 as primer. RT-PCR was carried out in 30|al reaction mix, containing 
50mM Tris-HCl pH 8.3, 30mM KCl, 8mM MgCh, lOmM DTT, 200|iM dNTP, 
30pmole oligo-dT 17 primer, 200U MMLV-RT and total RNA. The RNA was first 
subjected to 65°C, 10 min denaturation, the buffer containing the MMLV-RT was 
added to the denatured RNA and RT-PCR reaction was performed at 37°C for 90 min. 
At the end of the RT-PCR reaction, the reaction mix was subjected to 65°C, for 10 
min to denature the MMLV-RT which might influence the subsequent PGR reaction. 
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1.3.6 Polymerase chain reaction (PCR) 
PGR was carried out in a 25|Lil-reaction mix containing 50mM KCl, lOmM 
Tris pH 9, 2mM MgCl!, 200j^M dNTP, 0.4pmole primers, 2.5U Tag polymerase and 
0.5|il RT-PCR reaction mix was used as template. The primer pairs used for PCR and 
the corresponding amplicons produced were summarized in Table 1.2. After an initial 
denaturation at 94°C for 2 min，the PCR was performed at 94°C for 30 s, 57°C for 30 
s and 72°C for 45 s. The cycle number for each gene expression study was 
determined by a validation test in which the PCR was performed as described but 
terminated at different cycle number. A kinetic profile of the amount of PCR product 
generated at different PCR cycle was constructed and the cycle number used for the 
gene expression test was chosen in the mid-point of the exponential phase of the 
reaction. 
1.3.7 QuantiHcation of PCR products 
Following PCR amplification, the PCR products were resolved by 
electrophoresis on a 2% agarose gel which was then stained in 0.5|^g/ml ethidium 
bromide solution for 10 min. After washing with distilled water, the gel was 
photographed by UVP mini-darkroom bioimaging system (Alpha Imager IS-2200) 
and the band intensity was quantified by the computer software Multi-analyst 
























































































































































































































































































house-keeping gene beta-actin (ACTB). The gene expression level of control after 
normalization was set to be 100%, the relative expression of the gene to the control 
in the treated experiments were therefore caioulated accordingly. 
1.3.8 Statistical analysis 
Data in each experiment were presented as the mean 士 S.D., from two 
independent measurements (n = 2). Statistical differences between treatments were 
analyzed by student 广-test calculated by the computer program SigmaPlot (Richmond, 
CA, USA). Differences were considered to be significant when P < 0.05. 
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1.4 Results 
1.4.1 Viability of HEK293 and HepG2 cells under hyperosmotic stress 
In Figure 1.3 and Figure 1.4, cytotoxicity of NaCl on HEK293 and HepG2 
cells were shown respectively. It can be seen in both figures that as long as the 
concentrations and so the osmolarity increased, the percentage of viable cells 
decreased. If the cells were stressed too fast, too long and too much, cells may turn to 
apoptosis directly without activating the stress resistance mechanism. Therefore, only 
the concentrations of substances giving 80% and 50% cell viabilities were chosen for 
further study. The concentrations of NaCl giving 80% and 50% cell viability on 
HEK293 cells were lOOmM and 150mM respectively (Figure 1.3). Those giving 
80% and 50% cell viability on HepG2 cells were 31 mM and 63mM respectively, in 
HepG2 cells (Figure 1.4). The viabilities of cells under hyperosmotic stress by other 
substances were measured and summarized in Table 1.3 and Table 1.4. 
1.4.2 Validation of RNA quality 
The extracted total RNA quality was examined by electrophoresis. The two 
sharp bands shown in Figure 1.5 indicated the intact 28S and 18S rRNA of the cells 
after hyperosmotic stress. This implied that the integrity of the extracted total RNA 
was good enough for subsequent antiquitin expression studies using RT-PCR. 
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Figure 1.3 Cytotoxicity of NaCl on HEK293 cells. HEK293 cells (7 x 
lO'^cells/well) were seeded in 96-well plates. They were incubated with different 
concentrations of NaCl up to IM in plain RPMI at 37°C，5% CO2 for 24 h. The 
viability of the cell was measured by MTT assay. Cells incubated with medium alone 
were set as control. Results were the mean 土 S.D. (n = 2). 
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Figure 1.4 Cytotoxicity of NaCl on HepG2 cells. HepG2 cells (1 x 10^  
cells/well) were seeded in a 96-well plate. They were incubated with different 
concentrations of NaCl up to IM in plain RPMI at YfC, 5% CO2 for 24 h. The 
viability of the cell was measured by MTT assay. Cells incubated with medium alone 
were set as control. Results were the mean 土 S.D. (n = 2). 
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Table 1.3 Concentrations of agents giving 80% and 50% cell viability on 
HEK293 cells. 
80% Cell viability 50% Cell viability 
Agents Concentration Osmolarity Concentration Osmolality 
(mM) (mmol/kg) (mM) (mmol/kg) 
NaCl 100 531 150 634 
Salts KCl 50 422 100 520 
MgCl2 50 444 100 572 
Glucose 200 603 300 747 
Sugars Fructose 16.5 363 250 744 
Sucrose 250 715 400 945 
Sugar Sorbitol 100 435 300 669 
alcohols Mannitol 175 523 350 735 
Urea 200 529 400 740 
HEK293 cells were incubated with different concentrations of agents, up 
to IM, except 2M for urea, in plain DMEM medium for 24 h. The cell viability was 
determined by the MTT assays. The concentrations giving 80% and 50% cell 
viability were shown. The osmolarities were measured by a Wescor Vapro® Pressure 
Osmometer. The osmolarity of the plain DMEM (control) was 328 士 5mmol/kg. 
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Table 1.4 Concentrations of agents giving 80% and 50% cell viability on 
HepG2 cells. 
80% Cell viability 50% Cell viability 
Agents Concentration Osmolality Concentration Osmolarity 
(mM) (mmol/kg) (mM) (mmol/kg) 
NaCl 31.3 343 62.5 406 
Salts KCl 31.3 340 62.5 391 
MgCl2 25 330 75 498 
Glucose 200 509 480 843 
Sugars Fructose 300 611 720 1099 
Sucrose 80 359 160 479 
Sugar Sorbitol 75 360 240 553 
alcohols Mannitol 150 448 340 677 
Urea 300 573 400 671 
HepG2 cells were incubated with different concentrations of agents, up to 
IM, except 2M for urea, in plain RPMI medium for 24 h. The cell viability was 
determined by the MTT assays. The concentrations giving 80% and 50% cell 
viability were shown. The osmolalities were measured by a Wescor Vapro® Pressure 
Osmometer. The osmolarity of the plain RPMI (control) was 290 士 5mmol/kg. 
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150mM NaCl 1 OOmM NaCl 
Osmolality (mmol/kg) 676 559 
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Figure 1.5 Electrophoresis of RNA extracted from the NaCl treated HEK293 
cells. The total RNA of the HEK293 cells treated with the indicated concentration of 
NaCl for 6 h were isolated by TriPure Isolation Reagent. The isolated RNA was 
electrophoresed on a 1% RNA denaturing agarose gel. 
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1.4.3 Validation and determination of PCR conditions 
The first strand cDNA synthesized was used as template for target gene 
expression studies by gene specific primers. These genes included beta-actin (ACTB), 
aldose reductase (AR) and antiquitin (ATQ). For accurate determination of gene 
expression, it is essential to optimize the PCR conditions. The conditions were 
validated in two aspects every time after extraction of the total RNA: the number of 
cycles used for each pair of primers and their annealing temperature, which affected 
the efficiency of the primers for gene amplifications. Figures 1.6 and 1.7 showed the 
amount of PCR product using different cycle numbers for ACTB, AR and ATQ 
amplifications on HEK293 and HepG2 cells cDNA. The graph demonstrated that the 
PCR amplification can be divided into the initial phase (cycles 10-16)，the 
exponential phase (or linear phase) (cycles 18-26) and the plateau phase (or 
saturation phase) (cycles 28-32). In HEK293 cells, the cycle numbers for ACTB 
amplification were chosen as 21 cycles. Similarly, the cycle numbers for AR and 
ATQ expression studies were chosen as 25 cycles and 27 cycles, which were also 
within the linear phase of the amplification (Figure 1.6). The annealing efficiency for 
the primers to cDNA was also tested by measuring the optimal annealing temperature. 
57°C was chosen for primer annealing during PCR. The conditions for PCR of 
HEK293 cells cDNA and HepG2 cells cDNA were summarized in Table 1.2. 
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Figure 1.6 Primer conditions determination for HEK293 cell cDNA. The left 
panel represents the number of PGR cycles used while the right panel indicates the 
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Figure 1.7 Primer conditions determination for HepG2 cell cDNA. The left 
panel represents for the number of PCR cycles used while the right panel indicates 
for the annealing temperature of the primers. A: beta-actin, B: aldose reductase, C: 
antiquitin. 
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1.4.4 Inducibility of antiquitin in HEK293 cells under hyperosmotic stress 
The level of antiquitin expression remained unchanged after incubating the 
cells with various salts (Figure 1.8). Similarly, no induction of antiquitin could be 
observed after treating the cells with various sugars (Figure 1.9), sugar alcohols 
(Figure 1.10) and urea (Figure 1.11). On the other hand, significant down-regulation 
of antiquitin was observed in response to 400mM sucrose (Figure 1.9). 
1.4.5 Inducibility of antiquitin in HepG2 cells under hyperosmotic stress 
The level of antiquitin expression remained unchanged after incubating the 
cells with various NaCl and KCl (Figure 1.12). Similarly, no induction of antiquitin 
could be observed after treating the cells with sugars like fructose and sucrose 
(Figure 1.13), various sugar alcohols (Figure 1.14) and urea (Figure 1.15). On the 
other hand, significant down-regulation of antiquitin was observed in response to 
25mM MgCl2, 75mM MgCli, 200mM glucose and 480mM glucose (Figures 1.12 
and 1.13). 
1.4.6 Inducibility of aldose reductase under hyperosmotic stress 
Under every hyperosmotic stress treatments, the mRNA expression of 
aldose reductase was measured in parallel with that of antiquitin as a positive control 
of the experiment. The expression of aldose reductase was highly upregulated in the 
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Figure 1.8 Inducibility of antiquitin in HEK293 cells under hyperosmotic 
stress exerted by salts. HEK293 cells were incubated with the indicated 
concentrations of NaCl, KCl and MgCh for 6 h at 37°C, 5% CO2. Beta-actin was 
used as the internal normalized gene. Results were the mean 土 S.D. (n 二 2). 
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Figure 1.9 Inducibility of antiquitin in HEK293 cells under hyperosmotic 
stress exerted by sugars. HEK293 cells were incubated with the indicated 
concentrations of glucose, fructose and sucrose for 6 h at 37°C, 5% CO2. Beta-actin 
was used as the internal normalized gene. Results were the mean 士 S.D. (n = 2). < 
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Figure 1.10 Inducibility of antiquitin in HEK293 cells under hyperosmotic 
stress exerted by sugar alcohols. HEK293 cells were incubated with the indicated 
concentrations of sorbitol and mannitol for 6 h at 37°C, 5% CO2. Beta-actin was used 
as the internal normalized gene. Results were the mean 土 S.D. (n = 2). 
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Figure 1.11 Inducibility of antiquitin in HEK293 cells under hyperosmotic 
stress exerted by urea. HEK293 cells were incubated with the indicated 
concentrations of urea for 6 h at 37°C, 5% CO2. Beta-actin was used as the internal 





^ O op O n ^ 二 G ^ 
I I g l 凌 ！ 
.•囊 i 画 i i 1_ p p 
JH O ro … � o d o £ OO 
a, os 二寸 —寸 （NOs Jn 
Figure 1.12 Inducibility of antiquitin in HepG2 cells under hyperosmotic 
stress exerted by salts. HepG2 cells were incubated with the indicated 
concentrations of NaCl, KCl and MgCh for 6 h at 37°C, 5% CO2. Beta-actin was 
used as the internal normalized gene. Results were the mean 士 S.D. (n = 2). < 
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Figure 1.13 Inducibility of antiquitin in HepG2 cells under hyperosmotic 
stress exerted by sugars. HepG2 cells were incubated with the indicated 
concentrations of glucose, fructose and sucrose for 6 h at 37°C, 5% CO2. Beta-actin 
was used as the internal normalized gene. Results were the mean 士 S.D. (n = 2). < 
0.05; < 0.005, when compared with the expression level in the plain RPMI 
control by student's r-test. 
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Figure 1.14 Inducibility of antiquitin in HepG2 cells under hyperosmotic 
stress exerted by sugar alcohols. HepG2 cells were incubated with the indicated 
concentrations of sorbitol and mannitol for 6 h at YTC, 5% CO2. Beta-actin was used 
as the internal normalized gene. Results were the mean 土 S.D. (n = 2). 
5 0 
_ 140 1 
^ 1 2 0 . ^ ^ 
i : I I I 
}: I I I 
圣 ： _ _ _ 
^ <C bD CC GO 
§ 兰 ^ 2a ^ 
S o 3 o o 
2 S S 6 S B 
.S £ 1 6 1 S 
J^ O O CO O r-. 
^ S 运！?I ？ 5 
^ ^ 
Figure 1.15 Inducibility of antiquitin in HepG2 cells under hyperosmotic 
stress exerted by urea. HepG2 cells were incubated with the indicated 
concentrations of urea for 6 h at 37°C, 5% CO2. Beta-actin was used as the internal 
normalized gene. Results were the mean 士 S.D. (n = 2). 
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Figure 1.16 Inducibility of aldose reductase in HepG2 cells under 
hyperosmotic stress exerted by NaCl. HepG2 cells were incubated with the 
indicated concentrations of NaCl for six hours at 37°C, 5% CO2. Beta-actin was used 
as the internal normalized gene. Results were the mean 士 S.D. (n = 2). < 0.005, 
when compared with the expression level in the plain RPMI control by student's 
广-test. 
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under hyperosmotic challenge by 31.3mM and 62.5mM NaCl. The significant 
upregulation of aldose reductase mRNA suggested that the condition of experiment 
was suitable for these kinds of expression studies of antiquitin. 
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Chapter 2 In silico studies of human antiquitin promoter, genomics 
sequences and open reading frame 
2.1 Introduction 
Regulation of gene expression becomes the key problems in the era of 
functional genomics after the completion of increasing number of genome 
sequencing projects (International Rice Genome Sequencing Project, 2005; Burt, 
2004; Drysdale, 2003). The genes in genomes of higher eukaryotic organisms are 
regulated mainly by means of multiple regulatory proteins, that is the transcription 
factors (TF), acting through specific regulatory sequences (c/^-acting elements or TF 
binding sites) that are usually located in the proximity of the genes where it 
constitute a promoter, or at more remote locations where it act as part of an enhancer. 
2.1.1 Eukaryotic promoters 
The promoter is an integral part of the gene and make sense only in the 
context of its own gene, especially if important parts of the regulation are determined 
outside the promoter (for example, by an intron enhancer). The function of a 
promoter is to mediate and control initiation of transcription of that part of a gene 
that is located immediately downstream of the promoter (3'). This can be achieved 
either in an unregulated permanent manner (constitutive transcription) or in highly 
regulated fashion by which transcription is subjected to the control of various 
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extracellular and intracellular signals (regulated transcription). Often complex 
regulation involved many more features than just the promoter; for example, 
enhancers, locus control regions, and/ or scaffold/ matrix attachment regions. 
Therefore, a promoter is mainly the region that is necessary to achieve transcriptional 
initiation, although this region may not be sufficient to determine the complete 
regulation of a gene. However, most of the promoter prediction programs almost 
exclusively focus on proximal promoter regions or even just on the core promoter 
(Kel et al, 2003; Werner et al., 1999). 
2.1.2 Key events in transcriptional initiation 
Transcription can proceed only after a competent transcription complex 
consisting of RNA polymerase II (pol II) and several general transcription factors 
(GTFs) have been recruited to the promoter. Usually, pol II is not capable of 
functionally interacting with a promoter and initiating transcription by itself and 
requires a host of cofactors to do so. The first step includes a variety of transcription 
factors (TFs) that bind to upstream promoter and enhancer sequences to form a 
multiprotein complex. In the second step, this complex directly or indirectly recruits 
a pol II complexed with some GTPs to the core promoter and the transcription start 
site (TSS) located. 
Promoter analysis is an essential step on the way to identify regulatory 
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networks. A prerequisite for successful promoter analysis is the prediction of 
potential transcription factor binding sites with reasonable accuracy (Kel-Margoulis 
et al, 2002; Prestridge et al., 2000). Only with reliable predictions the next steps in 
promoter analysis can be tackled, e.g. finding phylogenetically conserved patterns or 
identifying higher order combinations of sites in promoters of coregulated genes. 
Control of transcription initiation is a pivotal mechanism for determining 
whether or not a gene is expressed and how much mRNA, and consequently protein, 
is produced. A promoter is a sequence that initiates and regulates transcription of a 
gene. TF binding sites in a promoter represent the most crucial elements upon 
regulation. There is a large variety of TFs in the cell. Being able to predict potentially 
functional cz\s-acting elements is important to understand the regulation of the 
transcription of the gene. 
Studying these czj-acting elements may allow the pull out of a series of 
genes regulating the same pathway, since with even a single transcription factor, a set 
of genes can then be coordinated. For example, when a quiescent eukaryotic cell 
receives a signal to divide, many hitherto unexpressed genes will be turned on 
together to set in motion the events that lead eventually to cell division. There are a 
number of prediction programs available on the World Wide Web (WWW). 
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2.1.3 Alternative splicing of mRNA 
Alternative precursor mRNA (pre-mRNA) processing is crucial to increase 
the proteomic diversity in human. Through this process, two or more mRNA 
molecules are generated from a single gene, leading to the synthesis of proteins that 
differ in structure and/ or biological function. These alternatively spliced mRNA 
isoforms in different lengths may function differently in the same cell having 
antagonistic or synergistic effects (Schwerk et al, 2005; Nagasaka et al., 1995); 
different isoforms may also have different tissue distribution (Hayashi et al., 2002)， 
these splicing variants may also appear at different stages of development of an 
organism (McAlinden et al., 2005; Delia et al., 2001; Hou and Conboy, 2001). 
It can be seen from the Northern blotting of antiquitin in human fetus 
(Skvorak et al., 1997) (Figure 1.2) that other than the expected � 1 . 5 k b transcript, 
there were also two bands around 4 and 5kb. Therefore, it is worth to leam more 
about the structure of human antiquitin protein coding region by studying the 
possibilities of having isoforms in different lengths. Alternative splicing of mRNA of 
a gene can be predicted by the algorithms constructed based on the intron-exon 
junctions. 
2.1.4 Bipartite nuclear localization signal (NLS) 
Protein is the important building block of a cell only when it is properly 
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folded and locates by the subcellular targeting signals. Lack of these signals or 
mutation of one of the amino acid residues of the signal results in the inefficient 
intracellular protein trafficking, and the proper functions of it in the cell lost. 
Intracellular protein trafficking may also be regulated by phosphorylation and 
dephosphorylation. 
Basically, a protein entering the nucleus would have the functions altering 
the nucleus activities, including the prominently DNA metabolism during gene 
transcription and genome replication during S phase of the cell cycle. 
Normally, proteins larger than 45kDa cannot enter the nucleus through the 
nuclear pore complex by passive diffusion (Miller et al., 1991). A large number of 
studies have shown that most proteins are imported into the nucleus in an energy-
and signal-dependent manner. In brief, general protein import is determined by the 
presence of a single, short stretch of several basic amino acids or two separate 
clusters of basic residues (monopartite and bipartite motif of classical NLS 
respectively). Proteins entering the nucleus require importin molecules to recognize 
NLS sequences, allowing nuclear pore docking. This recognition permits transport 
through the nuclear pore, followed by release inside the nucleus (Munoz-Fontela et 
al.’ 2003). Classical NLS contains positively charged residues and, for the nuclear 
receptors, is generally near, but not within, their DNA-binding domains 
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(Chopin-Delannoy et al., 2003; Dingwall and Laskey, 1991). On the other hand, 
bipartite NLS is characterized by two basic amino acids that are followed by a 
10-amino-acid spacer sequence and four essential basic residues (Boulikas et al., 
1993). 
The deduced amino acid sequence of human antiquitin from the full length 




2.2.1 Putative promoter studies of human antiquitin 
Meanwhile, the length of the promoter of gene remains a mystery as there 
is no promoter prediction program able to tell exactly from where to where is the 
promoter of a particular gene is. Therefore to predict the existing putative c/^-acting 
elements on the antiquitin promoter, the sequence upstream 5kb to the translation 
start site (NCBI Accession no. NT—034772，166081 to 171126) was analyzed by the 
algorithm of ProScan (http://www-bimas.cit.nih.gov/molbio/proscan/) (Prestridge, 
1995). Using this program, both the plus and minus strands in both forward (5’ to 3，） 
and reverse (3'to 5') directions were searched, as the c/i'-acting elements were not 
restricted by strand or direction. 
2.2.2 Putative promoter studies of Arabidopsis thaliana antiquitin 
Similarly, the 5kb upstream the start codon of Arabidopsis thaliana 
antiquitin (NCBI Accession no.: NC_003070, 20259361 to 20264941) was analyzed 
by the algorithm of PlantCARE (http://intra.psb.ugent.be:8Q80/PlantCARE/). It is a 
database specific for searching the plant cz^-acting regulatory elements (Lescot et al., 
2002). 
2.2.3 Analysis for the alternative splicing of human antiquitin mRNA 
The sequence of human antiquitin genomic sequence was found to flank 
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50kb in the human genome, containing 18 exons. The intronic and the exonic regions 
(NCBI Accession no. NT—034772，171121 to 221521) were analyzed using the 
prediction algorithm provided by the Center for Advanced Research in 
Biotechnology (http://moult.umbi.umd.edu/index.html). 
2.2.4 Analysis for the nuclear localization signal (NLS) 
The deduced human antiquitin amino acid sequence (NCBI Accession no. 
NP_001173) was examined for the presence of any NLS by finding out the basic 
amino acids first, and then the amino acid combinations having typical NLS format 
was highlighted. 
2.2.5 Nucleotide /amino acid sequence analysis 
Nucleotide or amino acid sequence alignment was made by the computer 
program DNASIS (Hitachi, San Francisco, CA, USA). 
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2.3 Results 
2.3.1 Computer search for the putative c/5-acting elements on human 
antiquitin promoter 
Table 2.1 summarized the putative c/^-acting elements found in the 
antiquitin promoter. Figure 2.1 showed the relative locations of these regulatory 
elements. It can be seen that these cis-SLcXing elements were mainly located within the 
1.8kb upstream the start codon, except for the heat shock factor (HSF) binding 
elements, its frequent existence may be due to the short nucleotide sequence that 
HSF recognize. Besides, there were not many c/^y-acting elements for transcription 
factors binding, and there were not many kinds as well (Figure 2.1 and Table 2.1). 
They included xenobiotic responsive elements (XRE) (TNGCGTG), E-boxes for the 
binding of hypoxia-inducible factors (HIF) (CACGTG), heat-shock factor (HSF) 
binding sites (NGAAN), cAMP responsive elements (CREB) (GGACAAGAGG), 
NF-IL6 (TT/GNNGNAAT/G) and many Spl (GGGCGC) and AP-2 
(CCC/GCA/GGGC). 
2.3.2 Comparison of cw-acting elements found on human antiquitin 
promoter with those on Arabidopsis thaliana antiquitin promoter 
The comparison revealed that on the Arabidopsis thaliana antiquitin 
promoter, there was c/^'-acting element that is drought responsive: the MYB-binding 
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Table 2.1 Putative c/5-acting elements on human antiquitin promoter. 
The 5046bp upstream the antiquitin start codon (NCBI Accession no. 
NT一034772’ 166081 to 171126) was subjected to the software ProScan (Version 1.7) 
available on http://www-bimas.cit.nih.gov/molbio/proscan/ to search for the 
existence of putative c/^-acting elements. Both the positive and negative strands were 
analyzed in both forward and reverse directions. Only the sequence fragments with 
promoter score larger than the core promoter cutoff value were shown. Besides, with 
a larger weight of the element, there was a larger possibility for the element to be 
present according to the algorithm. 
(A) Promoter region predicted on forward strand in 4281 to 4531 (-766 to -516) 
Promoter Score: 56.96 (Promoter Cutoff = 53.000000) 
Significant Signals: 
Name Strand Location Weight 
A ^ + 4520 1.355 
^ + 9.386 
AP-2 + 4521 1.108 
EARLY-SEQl + 6.322 
(Spl) + 4522 8.117 
Spl + ^ 2.755 
^ + 3.292 
^ - 4 5 ^ 2.772 
JCV—repeated_seq. - 4529 1.658 
Spl - 3.361 
^ - 4530 9.386 
^ - 6.023 
(Spl) - 4531 4.876 
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(B) Promoter region predicted on forward strand in 4750 to 5000 (-297 to -47) 
Promoter Score: 92.10 
Significant Signals: 
Name Strand Location Weight 
JCV_repeated_seq - 4804 1.658 
A P ^ + 4838 1.863 
T ； ^ + ^ 1.086 
SDR_RS + 4871 1.554 
^ + 4 m 3.013 
OT - 4872 1.161 
^ - 4 m 3.061 
^ + 4878 3.191 
A ^ - 1.672 
^ 4 m 3.119 
JCV_repeated_seq + 1.427 
AP-2 - 4903 1.091 
NGFI-C + ^ 6.885 
(Spl) + 4934 4.589 
Spl + 12.906 
“ ^ + 4935 10.681 
Spl + 4935 6.661 
^ + 4935 6.023 
(Spl) - 6.819 
EARLY-SEQl - 5.795 
G ^ + 2.361 
T-Ag + 4940 1.086 
APRT-mouse US - 4944 7.604 
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(C) Promoter region predicted on reverse strand in 5035 to 4785 (-12 to -262) 
Promoter Score: 71.05 
Significant Signals: 
Name Strand Location Weight 
MBF-I + 5026 1.036 
A ^ - 4973 1.108 
APRT-mouse—US - 4944 6.003 
EARLY-SEQl - 4943 6.322 
- 4943 8.117 
Spl - 4942 2.755 
^ - 4941 3.292 
AP-2 - 4941 1.355 
GCF + 4938 2.284 
Spl + 4937 2.772 
JCV_repeated_seqence + 4936 1.658 
Spl + 4936 3.361 
Spl + 4935 6.023 
Spl + 3.608 
Spl + 4935 5.934 
Spl + 4935 7.170 
(Spl) + 4934 4.876 
NGFI-C + 4931 3.442 
A ^ + 4 m 1.064 
JCV_repeated 一 sequence - 4804 1.427 
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(D) Promoter region predicted on reverse strand in 4670 to 4420 (-377 to -627) 
Promoter Score: 94.12 
TATA found at 4437, Est.TSS = 4405 
Significant Signals: 
Name Strand Location Weight 
- 4638 1.564 
CREB + 4571 1.147 
(Spl) - 4 m 4.589 
^ - ^ 6.023 
T ^ - 4530 1.086 
Spl - 4530 3.129 
Spl - 4529 3.013 
JCV_repeated 一 sequence - 4529 1.427 
^ - ^ 3.191 
Spl + 3.061 
Spl + 4523 3.119 
AP-2 + 4522 1.091 
(Spl) + 4522 6.819 
EARLY-SEQl + ^ 5.795 
^ + 4521 3.129 
A P ^ + 4520 1.672 
TFIID - 4435 1.971 
TFIID - 4435 2.618 
6 6 
Putative promoter of human ATQ, which is defined as 5kb upstream of die ATQ-CSIF 
(NM_001182), cut from the NT__034772. 
Blade line stands for plus strand of duomosome 5 (forward) 
Blue line strands for negative strand of diromosome 5 (forward) 
Blade line stands for plus strand of chromosome 5 (reverse) 
Blue line strands for negative strand of chromosome 5 (jsmse) 
1 TGTGGCTGGT TTTTATTGGC TGGACCGGAC CTCACATTTT GTATTTGTCC CGATTGGXTA 
ACACCGACCA AAAATAACCG ACCTGGCCTG GAGTGTAAAA CATAMCAGG GCTAACCGAT 
61 GCAACTTAGA ACTTTTTAAA AGAGGCAAAG GTAGAGGAGA ACAAAGGAAG GAGGAAGTAA 
CGTTGAATCT TGMAAATTT TCTCCGTTTC CATCTCCTCT TGTTTCCTTC CTCCTTCATT 
121 CTTGTGGAAT GCTGAGAAAG ATGAAAACAC TTTTAAATAA GGAAGAGGAA CAGGCTATGA 
一 GAACACCTTA CGACTCTTTC TACTTTTGTG AAAATTTATT CCTTCTCCTT GTCCGATACT 
181 CCTAATGCTT GCTTGGACTA GTAAAAGCAT GCCAGGGCAA ATATTTAGGC TAAATTGTGG 
GGATTACGAA CGAACCTGAT CATTTTCGTA CGGTCCCGTT TATAAATCCG ATTTAACACC 
241 GA GCTAAGAA CATAAAGTAC ATTTTTTTTT ATTATGGCTA GCAGATATTT AAGAATGTTA 
CTCGATTCTT GTATTTCATG TAAAAAAAAA TAATACCGAT CGTCTATAAA TTCTTACAAT 
301 GCACAGATCT TT6AATAAAT TTTGCTTTTA AGAGAAGTTA CTATTTATTC CTAATTAGAC 
CGTGTCTAGA AACTTATTTA AAACGAAAAT TCTCTTCAAT GATAAATAAG GATTAATCTG 
361 GGGGAGGAAA GTTTTTGAA6 AGGAACCTCT GTTTTACTTT GCCACATGGC AAACAAGGTC 
CCCCTCCTTT CAAAAACTTC TCCTTGGAGA CAAAATGAAA CGGTGTACCG TTTGTTCCAG 
421 ATGTGGACTG GGCATCTGGT CACTGGTCCT AGTGTGTCCC CCTGCCTAAC CGCTGGCGCG 
TACACCTGAC CCGTAGACCA GTGACCAGGA TCACACAGGG GGACGGATTG GCGACCGCGC 
481 CTGAACCTGT TGTTCCTCAG GCCAGGCCTC TGCATTTGCT GTTCACTCGG CCTGAGAGGC 
GACTTGGACA ACMGGAGTC CGGTCCGGAG ACGTAAACGA CAAGTGAGCC GGACTCTCCG 
541 CCTTCCCTCA ACCCACCCCA TTCTTTAAGG GTTATCTTGG AACCCGCCTT TGCGAAAATT 
GGAAGGGAGT TGGGTGGGGT AAGAAATTCC CAATAGAACC TTGGGCGGAA ACGCTTTTAA 
601 ATAACAGTGA GAAAATTATG GCAGTGGGAG AGATCTGATC TAGCCAACCC CTATCTTGCT 
TATTGTCACT CTTTTAATAC CGTCACCCTC TCTAGACTAG ATCGGTTGGG GATAGAACGA 
661 TTTAGCCTTC AAGCTGCCCT TAATTATTCC TGTGCTTGGG CCTGTCAATG TAACTTTGGG 
AAATCGGAAG TTCGACGGGA ATTAATAAGG ACACGAACCC GGACAGTTAC ATTGAAACCC 
721 AGACATTTAG TTTATAGTTT AAATGATAAT AACCCTTCCC CAAAAGCCAA CCGCCTTTGT 
TCTGTAAATC AAATATCAAA TTTACTATTA TTGGGAAGGG GTTTTCGGTT GGCGGAAACA 
781 AAAGCTAGTA AGAGACCACC AGGGTAGACG GATAAAGGAG GCTGAATTCT GCTAAGGTGT 
TTTCGATCAT TCTCTGGTGG TCCCATCTGC CTATTTCCTC CGACTTAAGA CGATTCCACA 
841 AGACATAAAC CGTTGCCAGT CATTATCCCA GAGGTCACAA GGTATaCAAC TTTTCCATTA 
TCTGTATTTG GCAACGGTCA GTAATAGGGT CTCCAGTGTT CCATACGTTG AAAAGGTAAT 
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901 CTCTTCCAGA TAATATCACT ATTGTAGACC CTAAGATTOG CGTTTTGAfJA TATCTTTTCA 
GAOAAGGTCT ATTATAGTGA TAACATCTGG GATTCTAACC GCAAAACTCT ATAGAAAAGT 
961 GATATTTTaC ATGTCTGACT ACCAATGGTT CCACCTGAAC CTCTAACCGC TTCTGOGTTC 
CTATAAAACO TACAGACTGA TGGTTACCAA GGTGGACTTG GAGATTGGCG AAGACCCAAG 
1021 CCACACAGAA GTTGTCGAGC TGCTTGAGGA CAATTTCCCA TACCCCTATG ACTGCATCCC 
GGTGTGTCTT CAACAGCTCG ACGAACTCCT GTTAAAGGGT ATGGGGATAC TGACGTAGGG 
1081 CAACCAATAA GCAGCAAGAA CCCATTGCTT AGCCACTCCA TCCCTTCCCC AAACTATCTT 
GTTGGTTATT CGTCGTTCTT GGGTAACGM_TCGGTGAGGT AGGGAAGGGG TTTGATAGAA 
1141 TGAAAAACAC TAGTCCCTGA ATTCTCCAAG AGATTGATTT GAGTAATAAC TCTGTCTCCC 
ACTTTTTGTG ATCAGGGACT T.WA<3GTTC TCTAACTAAA CTCATTATTG AGACAGAGaO 
1201 ACGTGGCATG GGTGGCCTCC TGTCTATTAA ATTCTTTCTT CTTTTTOWJA CAAGAGTTTT 
TGCACCGTAC CCACCGGAGG ACAGATAATT TAAGAAAGAA GAAAAACTCT GTTCTCAAAA 
1261 GCTCTGTCTC CTAGGCTACA QTOmTQQC AAAATCTCGG CTCACTaCAG CCTCTGCCTC 
CGAGACAGAG GATCCGATGT CACGTCACCG TTTTAGAGCC GAGTGACGTC GGAGACGGAG 
1321 CTGGGTTCAA GCGAGTCTCA TCCCTCAGCC TCCCGAGTAG CTGGGATTAC AGGCATGCAC 
GACCCAAGTT CGCTCAGAGT AGGGAGTCGG AGGGCTCATC GACCCTAATG TCCGTACGTG 
1.381 CACCAGGCTC GGCTAATTTT TGTATTTTTA GTAGAGACGG GGTTTGACCA TGTTGGCCAG 
GTGGTCCGACI CCGATTAAAA ACATAAAAAT CATCTCTGCC CCAAACTGGT ACAACCGGTC 
1441 GCTGGTCTTG AACTCCTGAC CACCCTGACT CCTGATCTAC CCTCCTTGGC CTCCCAAAGT 
CGACCAGAAC TTGAGGACTG GTOGGACTGA GGACTAOATCi GGAG^CG CiAGGGTTTCA 
1501 GCTGGAACTA CAGGCGTGAG CCACAGCACC TGGCTCXTCT GCCACTTTTA ATACAGAACT 
CGACCTTGAT GTCCGCACTC GGTGTCGTGG ACCGAGGAGA CGGTQAAAAT TATGTCTTGA 
1561 GTTTTAAGGT GTCCTGAGIT TAGCCACTGC ATTTTCATTT CTACAGGGCT TTGCAC^TTTT 
CAAAATTCCA CAGGACTCAA ATCGGTGACG TAAAAGTAAA GATGTCCCGA AACGTCAAAA 
1621 CAAAGTGCTT TCATATATGA TTCATTTAAT TCTGTCTCTT CCTGCTCAAC CTCATTACAA 
GTTTCACGAA AGTATATACT AAGTAAATTA AGACAGAGAA GGACGAGTTG GAGTMTGTT 
1681 TTCATCATTT CTGATTTTTC CTGAACTCCT GTTAAGCAGG GCTAACAGGA GTTTTGAAM 
AAGTAGTAAA GACTAAAAAG GACTTGAGGA CAATTCGTCC CGATTGTCCT CAAAACTTTT 
1741 AAGGATGTAG AAW.GGATG CMTCCCTGT TTTCAATGTG AGCAGTTGCT GGTGCCTATA 
TTCCTACATC TTCTTCCTAC GTTAGGGACA MAGTTACAC TCGTCAACGA CCACGGATAT 
1801 TTCCCAGAAT TGGCTTATTT ATTTTTTGAG ACAGGGTCTT GCTCTGTCCC CCAGOCTGGA 
AAGGGTCTTA ACCGAATAAA TAMMACTC TQTCCCAOAA CCAGACAGGG GGTCCGACCT 
1861 GTGCAATGGT ATGATCTTGG CGCTCTGCAA CCTCCATCTC CTGGGTTTAA GCGATTCTCC 
CACGTTACCA TACTAGAACC GCGAGACGTT GGAGGTAGAG GACCCAAATT CGCTAAGAGG 
1921 AGGCTCAGCC TCCCAAGTAG CTGGGACTAT AGACGTGTAC CACCACATCC AGCTAATTTT 
TCCGAGTCGG AGGGTTCATC GACCCTGATA TCTGCACATG GTGGTGTAGG TCGATTAAAA 
1981 TGTATTTTTA GTACWJATGG GGTTTCACCA CGTTGCmG rjCTGGTCTCij AACTTCTGAT 
ACATAAAAAT CATCTCTACC CCAMGTGGT GCAACCGGTC CGACCAGAGC TTCAAGACTA 
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2041 CACTCAAGTG ATCCTTCCAT CTTGOCCTCC CAMGTTCTG GGATTACAGC TATGAGCCAC 
GTGAGTTCAC TAGGAAGGTA GAACCGGAGG GTTTCAAGAC CCTAATGTCG ATACTCGGTG 
2101 TGTOCCCAGC CmCCMm T(313TTCAGM_GGATGGGCAC ACTTCTCTTC TTOACTTCAA 
ACACGGGTCG OTCOTCTTA ACCAAGTCTT CCTACCCGTG TGAAGAGAAG AACTGAACTT 
2161 GAGAGGGCAG CCAACACTCC TTGATGACAC TATGTGTTGC TCCTAATCCT TTGTGCCTCT 
CTCTCCCGTC GGTTGTGAGG MCTACTGTG ATACACAACG AGCATTAGGA AACACOGAGA 
2221 ATGTATTTTA ATTTCGTTGA AGTGAATGGA AGAGAAGAGA AGGAAGAATG TGGTTTTGGG 
TACATAAAAT TAMGCAACT TCACTTACCT TCTCTTCTCT TCCTTCTTAC ACCAAAACCC 
2281 ATATGTGGAC AAATAATCTT GTTGGCTGAT AGAAAGTGAT GAGAATCAGT TAAAATGTCT 
TATACACCTG TTTATTAGAA CAACCGACTA TCTTTCACTA CTCTTAGTCA ATTTTACAGA 
2341 (WMTmC CGGGCGCGGT GGCTCATGCC TGTAATCCCA GCACTTTGGO AOGCCAAGGC 
CTCTTAATCG GCCCGCGCCA CC(3A(3TAC(3(3 ACATTAGGGT CGTGAAACCC TCCGGTTCCG 
2401 GOacrjrjATCA CGAOTCAGG AGATCGAGAC CATCCWJCC AACGTGGTGA AACCCTGTCT 
CCCGCCTAGT GCTCCAGTCC TCTAGCTCTG GTAGGACCGG TTGCACCACT TTGGGACAGA 
2461 CTACTAAAAA TTGAAAAATT AGCCAGGTGT GGTGGTGAGT GCCTGTAGTC CCAGCTACTC 
GATGATTTTT AACTTTTTAA TOTTCCACA CCACCACTCA CGGACATCAG GGTCGATGAO 
2521 AGGAGGCTGA GGCAGGAGAA TCACTTGMC CCGGGAGGCG GAGGTTGTGG TGAGCCAAGA 
TCCTCCGACT CCGTCCTCTT AGTGAACTTG GGCCCTCCGC CTCCAACACC ACTCGGTTCT 
2581 TTGCACCACT GCACTCCAGC CTGGGGACAG AGTGAGACTC CGTCTCTAAA TAAATAAATA 
AACGTGGTGA CGTGACiGTCG GACCCCTGTC TCACTCTGAG GCAGAGATTT ATTTATTTAT 
2641 AATAMTAM TAAAGTCTGA GAATTAAAAT TAGAAAAATT AGCACCATGG TCCTCCGTGT 
TTATTTATTT ATTTCAGACT CTTAATTTTA ATCTTTTTAA TCGTGGTACC AGGAGGCACA 
2701 AGATGGAAGA CAGCAGCAGG GTTGTTGATA GAGATTACCA ATGTCAGATA GGGCATTGCA 
TCTACCTTCT GTCGTCGTCC CAACMCTAT CTCTAATGGT TACAGTCTAT CCCGTAACGT 
2761 ACTCCTTCGA CGGTGTTATT CATTGGTTCA TTTGTTCATA TACTCATGTA AGTGAGCGTA 
TGAGGAAGCT GCCACAATM GTAACCAAGT AAACAAGTAT ATGAGTACAT TCACTCGCAT 
2821 AACTOGAAC AATGCTAGGA ACTGTGGAGC AATOCAAAGA TGAGTCAGAG ATGGTCCTTG 
TTGAACCTTG TTACGATCCT TGACACCTCG TTACGTTTCT ACTCAGTCTC TACCAGOAAC 
2881 CCCTAACAGG AAAAAACTGT AGCATTTACA AAAOGAAGCA TCATTCATGT ATGCCTAGTA 
GGGATTGTCC TTTTTTGACA TCGTAAATGT TTTCCTTCGT AGTAAGTACA TACGGATCAT 
2941 CTAACTGCAG TTTCTGGTAG CTGCTTGATA CATGCAGAGT GTTTGTTCAA ATCATTTGTA 
GATTGACGTC AAAGACCATC GACGAACTAT GTACGTCTCA CAAACAAGTT TAGTAAACAT 
3001 CTATAAGGGT GGAAGAGATA AAGCTTATGT TTGAATGCAG AGATGAAAGG GGCCAGGAGT 
GATATTCCCA CCTTCTCTAT TTCGAATACA AACTTACGTC TCTACTTTCC CCGGTCCTCA 
3061 GGTGGCTCAA GCCTGTAATC CCAGCTCTTT GGGAGGCGCA AGGCAGATCC CTTGAGCCGA 
CCACCGAGTT COGACATTAG OGTCGAGAAA CCCTCCGCGT TCCGTCTAGG GAACTCtjgCT 
3121 GGAGGTGCGG ACCAGCCTGG GCAACATGGG GGAACCCTGT CTCTACAAAA AATCCTCAAA 
CCTCCACGCC TGGTCGGACC CGTTGTACCC CCTTGGGACA GAGATGTTTT TTAGGAGTTT 
6 9 
3181 AATTAGCTOG GTGTOATGGC ATGCCTGTAO TCCCAGCTAC TTGGGAGGTT GAGGTAGGAG 
TTAATCGACC CACACTACCG TACGOACATC AGGGTCGATG AACCCTCCAA CTCCATCCTC 
3241 GATCACTAGA GCCTCGGAGG TCOAGGCTTC AGTAAGCCAT GATCCTGCCA CTGCACTCTA 
CTAGTGATCT CGGAGCCTCC AGCTCCGAAG TCATTCGGTA CTAGGACGGT GACGTGAGAT 
3301 GCGTGGGCAA GCATATTTTA AACTCATGTT CAAATAATGA TGATTGAGAT ATTAGTATTT 
CGCACCCGTT CGTATAAAAT TTGAGTACAA GTTTATTACT ACTAACTCTA TAATCATAAA 
3361 CCGTTTTACA GGGTAGGCCC AGTTGTTGTG AAATGAGATG GGGCATGCAT GAATGGAAAG 
GGCAAAATGT CCCATCCGGG TCAACAACAC TTTACTCTAC CCCGTACGTA CTTACCTTTC 
3421 GATATTGTAG GAAGACAGAA ATOGAGAATG AAAGAAATTG ATCAAAACTG TCTTTATTCT 
CTATAACATC CTTCTGTCTT TACCTCTTAC TTTCTTTAAC TAGTTTTGAC AGAAATAAGA 
3481 TTAAGAGTAA GAGCTGGGCG TGGTGGCTCA CACCTGTAAT CCCAGCACTT TGGGAGGCTG 
MTTCTCATT CTCGACCCGC ACCACCGAGT GTGGACATTA GGGTCGTGAA ACCCTCCGAC 
3541 AGGTGGGCaa ATCACGAGGT CAGOAATTCG AGACCAGTCT GGCCAACATA GTGAAACCCC 
TCCACCCGCC TAGTGCTCCA GTCCTTAAGC TCTGGTCAGA CCGGTTGTAT CACTTTGGGG 
3601 TTCTCTACTC AAAATACAAA AAATTGGCCA AGCGTGGTGG TGGGCGCCTG TAATCCCAGC 
AAGAGATGAG TTTTATGTTT TTTAACCGGT TCGCACCACC ACCCGCGGAC ATTAGGGTCG 
3661 TACGCAGGAG GCTGAGGCAA GGAGMTCGC GT6AACCCGG GAGGCGGAGG TTGCAGTGAG 
ATGCGTCCTC CGACTCCGTT CCTCTTAGCG CACTTGGGCC CTCCGCCTCC AACGTCACTC 
3721 CCGAGATTGC GCCACTGGAC TCCAGCCCTG GCAACAGTGC GAGACTACGT CTCAAAAAAA 
GGCTCTAACG CGGTGACCTG AGGTCGGGAC CX?TTGTCACG CTCTGATGCA GAGTTTTTTT 
3781 AAAAAAAAAT GTAAGAATAG GCCGGACACA GTGGCTCACG CCTGTAATCC CAGCACTTTG 
TTTTTTTTTA CATTCTTATC CGGCCTGTGT CACCGAGTGC GGACATTAGG GTCGTGAAAC 
3841 GGAGGCAGAG GCGGGCAGAT CACGAGGTCA GGAGTTCGAG AGCAGCCTGG CCAACAGGGA 
CCTCCGTCTC CGCCCGTCTA (5TGCTCCAGT CCTCAAGCTC TCGTCGGACC GGTTGTCCCT 
3901 GAAACCCCGT CTCTACTAAA AATACAAAAA TTAGCTGGTG TGGTGGTGTG CACCTGTAAT 
CTTTGGGGCA GAGATGATTT TTATGTTTTT AATCGACCAC ACCACCACAC GTGGACATTA 
3961 CCCAGCTACT GGGGAGGCTG AGGCAGGAGA ATCACTTGAA CCTGGGAGGT T6AACTTGCA 
GGGTCGATGA CCCCTCCGAC TCCGTCCTCT TAGTGAACTT GGACCCTCCA ACTTCAACGT 
4021 GTGAGTGGAG ATCOTGCCAT TGCACTCCAG CCTGGGCGAT AGGGCOAGAC TCCATCTTAA 
CACTCACCTC TAGCACGGTA ACGTGAGGTC GGACCCGCTA TCCCGCTCTG AGGTAGAATT 
4081 AAAAAAAAAA GTAAGAGGCC GGGCGCAGTG GCTCATGTCT CTAATCCCAG CACTTTCGGA 
TTTTTTTTTT CATTCTCCGG CCCGCGTCAC CGAGTACAGA GATTAGGGTC GTGAAAGCCT 
4141 GGCTGAGGCG GGCAGATCAT CTCAGGTCAG GAGTTCCAGA CCAGCCTGAC TAACATGGTG 
CCGACTCCGC CCGTCTAGTA GAGTCCAGTC CTCAAGGTCT GGTCGGACTG ATTGTACCAC 
4201 AAACCCCGTT TGTCCTAAAA ATACAAAAAA TTAGCCGGGT GTGGTGGTGC ACACCTGTAA 
TTTGGGGCAA ACAGGATTTT TATGTTTTTT AATCGGCCCA CACCACCACG TGTGGACATT 
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4261 TCCCAGCTAC TCAGGAGGCT GAGGCAAGAG AATCCGCTTG AACCCGGTAG GCGGAGGTTG 
AGGGTCGATG AGTCCTCCGA CTCCGTTCTC TTAGGCGAAC TTGGGCCATC CGCCTCCAAC 
4321 CAGTGAGCCG AGATCGCGCC GTTGCACTCT AGCTTGGGCA AOAAGAGCGA AACTCCGTTT 
GTCACTCGGC TCTAGCGCGG CAACGTGAGA TCGAACCCGT TCTTCTCGCT TTGAGGCAAA 
4381 CCAAAAAAAA AAAAAAAAAA AAAAAGTAAG AATATACCCA GGCAGGATAT TTATAGAGGA 
GGTTTTTTTT TTTTTTTTTT TTTTTCATTC TTATATGGGT CCOTCCTATA AATATCTCCT 
u r n box 
4441 AATGCAGCAA TCTAATATTT ATCATTAATT AOMAACTTT AATTTGTAAT CTACCAAAAC 
TTACGTCGTT AGATTATAAA TAGTAATTAA TCTTTTGAAA TTAAACATTA GATGGTTTTG 
AP-2, Spl, EARLY-SEQl 
4501 AOTGAAAACA ACCAACCCTT CCCCC6CCCC CCAATACAAA CCCTCCGTTO CCTACTCCAG 
TCACTTTTGT TGGTTGGGAA GGGGGCGGGG GGTTATGTTT GGGAGGCAAC GGATGAGGTC 
Spl，JCV repeated seq., T-Ag 
CREB 
4561 GaACAAqAaa CGTCACCATC GCTGAGGAGC TOaTTAGGAA TGTCGGCTCT CCGACCCTAG 
CCTGTTCTCC GCAGTGGTAG CGACTCCTCG ACCAATCCTT ACAGCCGAGA OGCTGGGATC 
4621 CCCAGACTTA CTGAATCAGA ATGTGCATTT ACCACGACGA CCAGGTCATT ACACGCATTT 
GGGTCTGAAT GACTTAGTCT TACACGTAAA TGGTGCTGCT GGTCCAGTAA TGTGCGTAAA 
AP-1 
4681 TACAGTTTCA GAACCCCTGC TATAGCCTAC TGTACTTCAG CGCCAATATT TTGCTGAAAA 
ATGTCAAAGT CTTGGGGACG ATATCGGATG ACATGAAGTC GCGGTTATAA AACGACTTTT 
4741 GAATTCCCAG CTGGAACTGT GGCTCCCGGA GTCTTTCACC AGATGGCAGC AGCCCACTCC 
CTTAAGGGTC GACCTTGACA CCGAGGGCCT CAGAAAGTGG TCTACCGTCG TCGGGTGAGG 
JCV repeated seq. 
AP-2 
4801 TCCCTGTAGC ACTCCCATTG TTCCAGGCAG GATTCAGCCa CAGGCTCCTC CGGAAGACCA 
AGGGACATCG TGAGGGTAAC AAGGTCCGTC CTAAGTCOGC GTCCGAGGAG GCCTTCTGGT 
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T-Ag SDR一RS, Spl JCV repeated seq. 
4861 6666CAGACG GGOCOOTaOC GGOGTCGTGC CCAGTGOOAO GOOTCGGGTC TGCCCAATGG 
CCCCGTCTGC CCCGCCACCG CCCCAGCACG GGTCACCCTC CCCAGCCCAG ACGGGTTACC 
SIFSpl AP-2，雄 1 AP-2 
NGFtC Spl. GCF, T-Ag 
4921 GTTCTCCCGG GCOCOOOGCO 6G0CTCTATT TCAGCAGCTC TCAGGGCCTT GGGCTCATCC 
CAAGAGGGCC CGCCCCCCGC CCCGAGATM AGTCGTCGAG AGTCCCGGAA CCCGAGTAGq 
Spl, EARLY-SEQl APRT-mouse US AP-2 
MBF-I 
4981 CGAGTCCCOG GCTCAGTATG TGGCOCCTTC CTCOCGCOCT GTGTGTGCAC qCTGCAAAGA 




Figure 2.1 In silico human antiquitin promoter studies by software, ProScan. 
The human antiquitin putative promoter region is defined as 5kb upstream the start 
codon of antiquitin nucleotide sequence (NCBI Accession no.: NM_001182). The 
putative cis-acting elements were marked and labeled, as there were a lot of putative 
heat shock factor binding site (-NGAAN-), they were not labeled as did others. These 
elements were identified by computer program ProScan 
(http://www-bimas.cit.nih.gov/molbio/proscan/). 
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site (MBS) (Table 2.2). However, the corresponding c/^-acting elements did not exist 
on the human antiquitin promoter. Besides, many cis-acting elements that were 
responsive to plant hormones like auxin, which also take part in the osmotic adaptive 
pathways by regulating the stomata closure, were also found in the region. 
Interestingly, in the Arahidopsis thaliana antiquitin promoter, there are also 
c/5-acting elements related to the growth of the plants, including the array of light 
responsive elements and the giberrellin responsive elements. 
2.3.3 Possibilities of alternative splicing isoforms of human antiquitin 
By using the algorithm of the Center for Advanced Research in 
Biotechnology (http://moult.umbi.umd.edu/index.html), it was revealed that, despite 
the intron-exon junctions of human antiquitin used were typical ones (Figure 2.2)， 
there was the possibilities of giving at least seven mRNA splicing variants, and these 
may give rise to the corresponding protein isoforms with suitable start and stop 
codons located (Figure 2.3). All of these seven splice variants were EST sequences 
from different human cDNA libraries, including the neuroblastoma, infant brain, 
placenta and the ten-week whole human embryo. One of them may give rise to 
different amino acid sequences after translation, this translated amino acid sequence 
still has the ALDH catalytic domains conserved (Figure 2.4). 
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Table 2.2 Putative cis-acting elements on Arabidopsis thaliana antiquitin 
promoter. 
The 5000bp upstream the antiquitin start codon (NCBI Accession no. 
NC_003070, 20259361 to 20264941) was subjected to the software PlantCare 
(http://intra.psb.ugent.be:8Q8Q/PlantCARE/) to search for the existence of putative 
c/j-acting elements. Both the positive and negative strands were analyzed in both 
forward and reverse directions. Only the sequence fragments with promoter score 
larger than the core promoter cutoff value were shown. Besides, with a larger score 
of the element, was there a larger possibility of the element does present according to 
the algorithm 
Name Strand Scores Sequence Functions 
sequence conserved in 
A-box + 0.873 TACCgatcttt 
alpha-amylase promoters 
cis-acting element involved 
ABRE + 0.966 cACGTg in abscisic acid 
responsiveness 
part of a module for light 
AE-box + 0.928 AGAAactc ^ 
response 
part of a conserved DNA 
ATCT-motif + 1.000 AATCtaatct module involved in light 
responsiveness 
cis-acting regulatory element 
AuxRR-core + 0.857 GGTCcgt involved in auxin 
responsiveness 
part of a light responsive 
CATT-motif + 1.000 GCATtc 
element 
CCAAT-box + 1.000 CAACgg MYBHvl binding site 
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cis-acting regulatory element 
CGTCA-motif + 1.000 CGTCa involved in the 
MeJA-responsiveness 
EIRE + 0.857 TTCGact elicitor-responsive element 
ERE + 0.875 ATTTcaag ethylene-responsive element 
cis-acting regulatory element 
G-box + 0.920 CACTtg involved in light 
responsiveness 
part of a light responsive 
GAG-motif + 0.857 GGAGttg ^ 5 p 
element 
enhancer-like element 
GC-motif + 0.877 gcCACGa involved in anoxic specific 
inducibility 
cis-regulatory element 
GCN4-motif + 0.901 tgcGTCA involved in endosperm 
expression 
part of a light responsive 
I-box + 0.899 gATTAggat “ 
element 
part of a light responsive 
LAMP element + 0.917 ccgaACCCa “ 
element 
cis-acting element involved 
LTR + 1.000 CCGAaa in low-temperature 
responsiveness 
MYB binding site involved 
MRE + 0.857 AACCtga . ^ 
in light responsiveness 
cis-acting element involved 
MSA-like + 0.860 aacAACGgt . , , . 
in cell cycle regulation 
gibberellin-responsive 
P-box + 0.857 CCTTtgg , ? 
element 
involved in activation of zein 
acaaaTGTAaa 
Prolamin-box + 0.850 gene endosperm 
ctatat 
development 
cis-acting regulatory element 
Prolamin-box + 1.000 tgcAAAGt . � 广 广 、 , , 
associated with GCN4 
cis-acting element involved 
TCA-element + 0.885 gAGAAaacga in salicylic acid 
responsiveness 
WUN-motif + 0.895 cGATTacca wound-responsive element 
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cis-acting regulatory element 
Asl + 0.875 TGACttca involved in the root-specific 
expression 
Chs-CMA2a + 0.875 TTACataa 卩 站 l i g h t responsive 
element 




AACA-motif - 0.899 endosperm-specific negative 
a 
expression 
cis-acting element involved 
ACE - 0.908 gacACGTgac 
in light responsiveness 
part of a light responsive 
ATI-motif - 0.859 aatcATTTtttt ^ 
module 
part of a conserved DNA 
ATC-motif - 0.951 gtcaATCC module involved in light 
responsiveness 
part of a conserved DNA 
ATCC-motif - 0.875 CAATcctg module involved in light 
responsiveness 
part of an auxin-responsive 
AuxRE - 0.870 ctgCTCAataat 
element 
fungal elicitor responsive 
Box-Wl - 1.000 TTGAcc ^ 尸 
element 
common cis-acting element 
CAAT-box - 1.000 CCAAt in promoter and enhancer 
regions 
ELI-box3 - 0.889 AAACcaata elicitor-responsive element 
cis-acting regulatory element 
G-box - 0.938 caAGTG involved in light 
responsiveness 
part of a light responsive 
GA-motif - 0.875 AAGGatga : 
element 
part of a light responsive 
GATA-motif - 0.857 GATAcga : 
element 
GTl-motif - 0.857 GGTTtat light responsive element 
part of a light responsive 
Gap-box - 0.889 AAATggaaa , 
element 
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cis-acting element involved 
HSE - 0.879 aAAAAatca . , . 
in heat stress responsiveness 
� m � MYB binding site involved 
MBS - 1.000 CAACtg . 邑 
in drought-inducibility 
cis-acting regulatory element 
02-site - 0.954 GATGatgtga involved in zein metabolism 
regulation 
— ^ 
。， cis-acting regulatory element 
Skn-1-like 
- 1.000 GTCAt required for endosperm 
motif 
expression 
core promoter element 
TATA-box - 0.912 TAAAaaa around -30 of transcription 
start 
cis-acting element involved 
TATC-box - 0.857 TATCaca . 
in gibberellin-responsiveness 
part of a light responsive 
TCCC-motif - 0.857 TCTCcgt ^ ^ ^ 
element 
part of a light responsive 
TCT-motif - 1.000 TCTTac ^ ^ 
element 
TGA-1 - 1.000 AACGac auxin-responsive element 
cis-acting regulatory element 
TGACG-motif - 1.000 TGACg involved in the 
MeJA-responsiveness 
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NT_034772 1 …CCAGCMGCTCTCTGGACCrTGGAGCAGGCCTGCCGCCTTC^CCACTCTCCTCA 57 
NM_001182 1 …CCAGCMGCTCTCrGGACCrrGGAGCAGGCCTGCCGCCTTC^ CCACTCTCCTCA 57 
NT_034772 58 TCMTCAGCCCCAGTATGCGTGGCTGAAAGAGCTGGGGCTCCGCGAGGAAAACGAGGGCG 117 
NM_001182 58 TCMTCAGCCCCAGTATGCGTGGCTGAAAGAGCTGGGGCTCCGCGAGGAAMCGAGGGCG 117 
NT_034772 118 TGTATMTGGAAGCTGGGGAGGCCGGGGAGAGGT AGGTTATTACGACCTATTGC 171 
NM_001182 118 TGTATMTOJAAGCTGGGGAGGCCGGGGAGAG----……-GTTATTACGACCTATTGC 167 
NT—034772 172 CCTGCTMCMCGAGCCAATAGCAAGAGTCCGACAGGT AGGCCAGTGTGGCAGA 225 
NM_001182 168 CCTGCTAACAACGAGCCAATAGCAAGAGTCCGACAG GCCAGTGTGGCAGA 217 
NT_034772 226 CTATGMGAAACTGTAAAGAAAGCMGAGMGCATGGAAAATCTGGGCAGATGT - 279 
NM_001182 218 CTATGMGAAACTGTAAAGAAAGCMGAGMGCATGGAAAATCTGGGCAGAT 269 
NT_034772 280 AGATTCCTGCTCCAAAACGAGGAGAAATAGTMGACAGATTGGCGATGCCTTGCGGGAGA 339 
NM_001182 270 --ATrCCTGCTCCAMACGAGGAGAAATAGTMGACAGATTGGCGATGCOTGCGGGAGA 327 
NT_034772 340 AGATCCMGTACTAGGMGCTTGGT-……AGGTGTCnTGGAGATGGGGAAMTCTTA 393 
NM_001182 328 AGATCCAAGTACTAGGAAGCTTG GTGTCmGGAGATGGGGAAAATCTTA 377 
NT_034772 394 GTGGMGGTGTGGGTGMGTTCAGGAGTATGTGGATATCTGTGACTATGCTGTTGGTTTA 453 
NM_001182 378 GTGGMGGTGTGGGTGMGTTCAGGAGTATGTGGATATCTGTGACTATGCTGTTGGTTTA 437 
NT_034772 454 TCMGGATGATrGGAGGACCTATCTTGCCTTCTGAAAGT AGGATCTGGCCATGC 507 
NM_001182 438 TCMGGATGATTGGAGGACCTATCTTGCCTTCTGAAA GATCTGGCCATGC 487 
NT_034772 508 ACTCATTCAGCAGTGGMTCCCGTAGGCCTGGTTGGMTCATCACGGCATrCMTTTCCC 567 
NM_001182 488 ACTGATTGAGCAGTGGMTCCCGTAGGCCTGGTTGGMTCATCACGGCATrCMTTTCCC 547 
NT_034772 568 TGTGGCAGTCTATGGTTGGMCMCGCCATCGCCATCATCrGTGGAAATGTCTGCCTCTG 627 
NM_001182 548 TGTGGCAGTGTATGGTTGGMCMCGCCATCGCCATGATCTGTGGAAATGTCTGCCTCTG 607 
NT_034772 628 GT AGGAAAGGAGCTCCMCCACTTCCCTCATTAGTGTGGCTGTCACAAAGT--_ 678 
NM_001182 608 GAAAGGAGCTCCMCCACTTCCCTCATTAGTGTGGCTGTCACAAA 652 
NT_034772 679 _ --AGGATMTAGCCMGGTTCTGGAGGACMCMGCTGCCTGGTGCMTTTGTTCOTG 735 
NM_001182 653 GATMTAGCCMGGTTCTGGAGGACMCAAGCTGCCTGGTGCAATTTGTTCCTTG 707 
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NT_034772 736 AOTGTGGTGGAGCAGATATTGGGT AGCACAGCAATGGCCAAAGATGAACGAGT 789 
NM_001182 708 ACTTGTGGTGGAGCAGATATTGG CACAGCAATGGCCAAAGATGAACGAGT 757 
NT_034772 790 GMCCrGCrGTCaTCACTGGGAGCACTCAGGTGGGMAACAGGTGGGCCTGATGGTGCA 849 
NM_001182 758 GMCCTGCTGTCOTCACTGGGAGCACTCAGGTGGGAAAACAGGTGGGCCTGATGGTGCA 817 
NT_034772 850 GGAGAGGTTTGGT AGGGAGMGTCTGTTGGMCTTGGAGGAAACMTGCCAm 903 
NM_001182 818 GGAGAGGTTTG GGAGMGTCTGTTGGMCTTGGAGGMACMTGCCAm 867 
NT_034772 904 TTGGT AGCCTTTGMGATGCAGACCTCAGaTAGTTGTTCCATCAGCTCTCTTC 957 
NM_001182 868 TTG CCnTGMGATGCAGACCTCAGOTAGTTGTTCCATCAGCTCTCTTC 917 
NT_034772 958 GCTGCTGTGGGMCAGCTGGCCAGAGGTGTACCACTGCGAGGCGACTGGT AGTT 1011 
NM_001182 918 GCTGCTGTGGGMCAGCTGGCCAGAGGTGTACCACTGCGAGGCGACTG TT 967 
NT_034772 1012 TATACATGAAAGCATCCATGATGAGGTTGTAAACAGACTTAMAAGGCCTATGCACAGAT 1071 
NM_001182 968 TATACATGAMGCATCCATGATGAGGTTGTAAACAGACTTAAAMGGCCTATGCACAGAT 1027 
NT_034772 1072 CCGAGTTGGGAACCCATGGGACCGT AOTMTGTTCTCTATGGGCCACTCCACA 1125 
NM_001182 1028 COJAGTTGGGAACCCATGGGACC CTAATGTTCTCTATGGGCCACTCCACA 1077 
NT_034772 1126 CCMGCAGGCAGTGAGCATGTTTCTTGGAGCAGTGGMGMGCAAAGAAAGMGGTGGCA 1185 
NM_001182 1078 CCMGCAGGCAGTGAGCATGTTTCTTGGAGCAGTGGMGMGCAMGAAAGMGGTGGCA 1137 
NT_034772 1186 CAGTGGTCTATGGGGGCMGGT AGGmTGGATCCKTCTGGAAATTATGTAGAA 1239 
NM—001182 1138 CAGTGGTCTATGGGGGCAAG GTTATGGATCGCCCTGGAAATTATGTAGM 1187 
NT_034772 1240 CCGACMTTGTGACAGGTCTTGGCCACGATGCGTCCATrGCACACACAGAGACnTTGCT 1299 
NM_001182 1188 CCGACMTTGTGACAGGTCTTGGCCACGATGCGTCCATTGCACACACAGAGACmTGCT 1247 
NT_034772 1300 CCGATrCTCTATGTCnTAAATTCAAGGT AGMTGMGMGAGGTCTTTGCATG 1353 
NM_001182 1248 CCGATTCTCTATCTCmMATTCMG MTGMGMGAOTCTTTGCATG 1297 
NT_034772 1354 GMTAATCMGTAAAACAGGGACTTTCMGTAGCATCnTACCAAAGATCTGGGCAGMT 1413 
NM_001182 1298 GMTMTGMGTAAAACAGGGACnTCMGTAGCATCnTACCAAAGATCTGGGCAGMT 1357 
NT_034772 1414 (TITCGCTGGCTTGGGT AGACCTAMGGATCAGACTGTGGCATTGTAMTGTCA 1467 
NM_001182 1358 CnTCGCTGGOTGG - - -ACCTAAAGGATCAGACTGTGGCATTGTAAATGTCA 1407 
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OT_034772 1468 ACATTCCMCAAGTGGGGCTGAGATTGGAGGTGCCnTGGT-……AGGAGGAGAAMG 1521 
NM_001182 1408 ACATTCCMCMGTGGGGCTGAGATTGGAGGTGCCnTG GAGGAGAAAAG 1457 
Nrr_034772 1522 CACACTGGTGGTGGCAGGGAGTCTGGCAGTGATGCCTGGAMCAGTACATGAGMGGTCT 1581 
NM_001182 1458 CACACTGGTGGTGGCAGGGAGTCTGGCAGTGATGCCTGGAMCAGTACATGAGMGGTCT 1517 
NT_034772 1582 ACTTGGT AGTACTATCMCTACAGTAAAGACOTCCTCTGGCCCMGGMTCM 1635 
NM—001182 1518 ACTTG TACTATCMCTACAGTAAAGACCTTCCTCTGGCCCMGGMTCM 1567 
NT_034772 1636 GTTTCAG^yAGGTGTnTAGATCMCATCCCTTMTTTGAGGTGTTCCAGCAGCTGTTT 1695 
NM一001182 1568 GTTTCAG腿GGTGTnTAGATGMCATCCCTTMTTTGAGGTGTTCCAGCAGCTGTTT 1627 
NT_034772 1696 TTGGAGMGACAAAGAAAATTAAAGTnTCCCTGMTAAATGCATTATTATCACTGTGAC 1755 
NM_001182 1628 TTGGAGMGACAAAGAMATTAAAGTnTCCCTGMTAMTGCATTATTATGACTGTGAC 1687 
NT_034772 1756 AGTGACTMTCCCCCTATGACCCCAAAGCCCTGATTAAATCAAGAGATTCOTmTAAA 1815 
NM_001182 1688 AGTGACTMTCCCCCTATGACCCCAAAGCCCTGATTAAATCAAGAGATTCCnmTAAA 1747 
NT_034772 1816 MTCAAMTAAMTTGTTACAACATAGCCATAGTTACT- - - 1853 
NM_001182 1748 MTCAAMTAAMTTGTTACAACATAGCCATAGTTACT- - - 1785 
Figure 2.2 Alignment of intron-exon junctions of human antiquitin mRNA 
with the genomic sequence. The full length mRNA of human antiquitin (NCBI 
Accession no.: NM 001182) was aligned with the genomic sequence (NCBI 
Accession no.: NT 034772) with only the exon and intron-exon junctions being 
shown. The full length antiquitin mRNA has 18 exons, 1536bp. The start codon 






































































































































































































































































































































































































NM_001182 1 MSTLLINQPOYAWLKELGLREENEGVYNGSWGGRGEVITTYCPANNEPIARVRQASVADY 60 
CN277487 1 MENLGRY--S C 9 
NM_001182 61 EETVKKAREAWKIWADIPAPKRGEIVRQIGDALREKIQVLGSLVSLEMGKILVEGVGEVQ 120 
CN277487 10 SKTRRNSKTDWRCLA GE - 26 
NM_001182 121 EYVDICDYAVGLSRMIGGPILPSERSGHALIEQWNPVGLVGIITAFNFPVAVYGWNNAIA 180 
CN277487 27 ---DPS TRKLG SGHALIEQWNPVGLVGIITAFNFPVAVYGWNNAIA 69 
NM_001182 181 MICGNVCLWKGAFITSLISVAVTKI lAKVLEDNKLPGAICSLTCGGADIGTAMAKDERVN 240 
CN277487 70 MICGNVCLWKGAPTTSLISVAVTKIIAKVLEDNKLPGAICSLTCGGADIGTAMAKDERVN 129 
NM_001182 241 LLSFTGSTQVGKQVGLMVQERFGRSLLELGGNNAI lAFEDADLSLWPSALFAAVGTAGQ 300 
CN277487 130 LLSFTGSTQVGKQVGLMVQERFGRSLLELGGNNAIlAFEDADLSLWPSALFAAVGTAGQ 189 
NM_001182 301 RCTTARRLFIHESIHDEWNRLKKAYAQIRVGNPWDPNVLYGPLHTKQAVSMFLGAVEEA 360 
CN277487 190 ROTARRLFIHESIHDEWNRLKKAYAQIRVGNPWDPNVLYGPLHTKQAVSMFLGAVEEA 249 
NM_001182 361 KKEOGTWYGGKVMDRPGNYVEPTIVTCLGHDASIAHTETFAPILYVFXFKNEEEVFAWN 420 
CN277487 250 KKEGGTWYGGKVMDRPGNYVEPTIVTGLGHDASIAHTETFAPILYVFKFKNEEEVFAWN 309 
NM_001182 421 NEVKQGLSSSIFTKDLGRIFRWLGPKGSDCGIVNVNIPTSGAEIGGAFGGEKHTGGGRES 480 
CN277487 310 NEVKQGLSSSIFIXDLGRIFRWLGPKGSDCGIVNVNIPTSGAEIGGAFGGEKHTGGGRES 369 
NM_001182 481 GSDAWKQYMRRSTCTINYSKDLPLAQGIKFQ 511 
CN277487 370 GSDAWKQYMRRSTCTINYSKDLPLAQGIKFQ 400 
Figure 2.4 Amino acids alignment of alternative splicing variants of human 
antiquitin. One of the translated alternative splicing variants (NCBI Accession no: 
CN277487) was found to have different amino acid sequence with that translated 
from the full length mRNA (NCBI Accession no: NM—001182). 
(httr)://moult. umbi.umd.edu/human2004/geneALDH7A 1 .html). 
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2.3.4 Possibilities of bipartite nuclear localization signals on human 
antiquitin protein 
Observing the human antiquitin amino acid sequences, there were 
possibilities of four typical bipartite NLS (Figure 2.5). They were all characterized 
by two basic amino acids followed by a 10-amino-acid spacer sequence and four 
essential basic residues (Boulikas et al., 1993). Although they were not very alike the 
reported NLS (Table 2.3), the possibilities for them to bring antiquitin into the 
nucleus after post-translational modification cannot be excluded, although further 
experiments are needed to prove this point. 
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1 MSTLLINQPQ YAWLKELGLR EENEGVYNGS WGGRGEVITT YCPANNEPIA RVRQASVADY 
61 EETVKKAREA WKIWADIPAP KRGEIVRQIG DALREKIQVL GSLVSLEMGK ILVEGVGEVQ 
121 EYVDICDYAV GLSRMIGGPI LPSERSGHAL lEQWNPVGLV GIITAFNFPV AVYGWNNAIA 
181 MICGNVaWK GAPTTSLISV AVTKIIAKVL EDNKLPGAIC SLTCGGADIG TAMAKDERVN 
241 LLSFTGSTQV GKQVGLMVQE RFGRSLLELG GNNAIIAFED ADLSLWPSA LFAAVGTAGQ 
301 RCTTARRLFI HESIHDEWN RLKKAYAQIR VGNPWDPNVL YGPLHTKQAV SMFLGAVEEA 
361 KKEGGTWYG GKVMDRPGNY VEPTIVTGLG HDASIAHTET FAPILYVFKF KNEEEVFAWN 
421 NEVKQGLSSS IFTKDLGRIF RWLGPKGSDC GIVNVNIPTS GAEIGGAFGG EKHTGGGRES 
481 GSDAWKOYMR RSTCTINYSK DLPLAQGIKF Q 
Figure 2.5 Putative nuclear localization signal (NLS) found on human 
antiquitin protein (NCBI Accession no.: NP一001173). The putative NLS was 
predicted according to the rule of bipartite NLS that is characterized by two basic 
amino acids, which are followed by a ten-amino acid spacer sequence and four 
essential basic residues. The basic amino acids were bold and the putative NLS were 
underlined. 
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Table 2.3 Comparison of the NLS of human antiquitin defined in this work 
with known bipartite NLS found in other nuclear proteins 
Protein Amino acid sequence Reference 
ATQ-NLS1 KKAREA WKIWADIPAP KR 
ATQ-NLS2 KKEGGTVVYG GKVMDRP 
/ 
ATQ-NLS3 KHTGGGRESGSDAWKQYMRR 
ATQ-NLS4 RRLFI HESIHDEVVN RLKK 
ALDH3A1 KKSLKEFYGEDAKKSRD Pappa et al., 2005. 
LANA2 RRHERPTTRRIRHRKLRS 
Human IL5 KKYIDGQKKKCGEERRR 
Human pRB KRSAEGSNPPKPL-KKLR 
Human p53 KRALPNNTSSSPQPKKKP Munoz-Fontela et al., 2003. 
Nucleoplasmin KRPAATKKAGQA-KKKK 
ICP22 NLS 1 RRPALRSPPLGT-RKRK 
MAPKAP Kinase 2 KKIEDASNPLLL-KRRKK 
Bold letters indicated the basic amino acid residues required for nuclear 
import. The putative human antiquitin NLS weakly resembles the classical bipartite 
nucleoplasmin NLS. 
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Chapter 3 Overexpression of antiquitin in HEK293 and HepG2 cells and 
their characterization 
3.1 Introduction 
To identify the functions of antiquitin in the cells, we first studied its expression 
when the cell was under hyperosmotic stress. Unfortumately, the inducibility of 
human antiquitin cannot be demonstrated in both HEK293 and the HepG2 cells 
under the conditions used. 
Thereafter, the genomic sequence upstream the human antiquitin protein coding 
region, which should have the core promoter of antiquitin included, was studied by 
searching on the WWW in order to find out any putative c/^-acting regulatory 
elements on it. There we found xenobiotic responsive element (XRE), hypoxia 
inducible factor (HIF) binding site (E-boxes), heat shock factor (HSF) binding site, 
cAMP responsive element (CRE) binding site, activator protein 2 (AP-2) binding site, 
specific protein 1 (Spl) binding site and nuclear factor interleukin six (NF-IL6) etc. 
The name of the XRE clearly suggests that the gene downstream is related to 
the metabolism of xenobiotics. Xenobiotic is a chemical which is not a normal 
component for the organism to expose. The binding of the corresponding 
transcription factor (TF) to the element leads to the upregulation of the gene so as to 
remove the xenobiotic, such as ALDH3 (Reisdorph and Lindahl, 1998). ALDH3 was 
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upregulated when the EC3 and HTC cells were treated with BMC. The increased 
expression of ALDH3 elevated the rate of detoxification of the xenobiotic and hence 
protects the cell from damage. 
HIF is related to hypoxia. Under hypoxia condition, the rabbit cornea 
ALDHlAl is upregulated, in which promoter the HIF binding sites are found, to 
remove the harmful metabolites like free radicals, after UV irradiation. 
HSF binding elements allow the docking of the trimerized heat shock 
transcription factors. It has been reported that under hypoosmotic conditions or at 
elevated temperature, the monomeric HSF would become trimerized and being 
transported into the nucleus. This leads to the activation of transcription of the 
downstream heat shock protein like heat shock protein (hsp) 70. 
Obviously, cAMP responsive element (CRE) binding site is activated by cAMR 
Genes with this upstream regulation were responsive to the stimulation of cAMP, as 
well as forskolin (Ding and Staudinger, 2005). Forskolin is a widely used 
biochemical that activates adenyl cyclase, thereby increasing intracellular 
concentration of cAMP, and thus activating the PKA signal transduction pathway. 
Spl, AP-2 and NF-IL6 have been reported to be related to cell growth and 
differentiation, although most of the promoters contained these cw-acting elements. 
These elements have a high GC content which makes them susceptible to be 
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methylated; their downstream genes therefore may be downregulation after cell 
terminal differentiation. The methylated promoter activity is reversible without the 
need of unmethylating the GC regions. This allowed the regulation of genes in 
smaller amplitude but the gene could still be transcripted by the binding of suitable 
transcription factors. So, under the suitable but may not be a usual stimulation, the 
gene is still expressive. 
In addition to studying these characteristic c/j-acting elements on human 
antiquitin promoter with corresponding stimuli, human antiquitin was overexpressed 
in the cell lines. Overexpression of a gene by transfection became a popular method 
to study the function of the candidate gene (Pappa et al., 2005, Yoon et al., 2004, 
Sunkar era/., 2003). 
The transfected cells would be characterized in their responses to stress, growth 
rate, and the cell cycle as well as the expressions of different cyclins, which 
concentrations are oscillated throughout the cell cycle for the progression of different 
phases. 
3.1.1 Cell cycle of a human somatic cell 
The cell cycle of a somatic cell is divided into Gl, S, G2 and M phases if 
the cell is not in its quiescent state (GO). There are three cell cycle checkpoints found 
at Gl, G2/M and M phases regulating the cell cycle. 
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The G1 phase is critical for the regulation. When a cell leaves G1 and 
enters the S phase, it is committed to completing the cycle. Therefore, the release of 
cells from G1 appears to be a critical control mechanism. More specifically, it is 
called the restriction point. Cells that have passed this point are committed to 
division. 
The S phase is crucial for duplication of the genome for cell division; 
otherwise the genome would be halved after mitosis, however interestingly the 
checkpoint for checking the chromosome duplication is at the end of G2, which 
controls the entry of cell into mitosis (M phase). Within M phase, the checkpoint at 
metaphase determines whether all the chromosomes are properly attached to the 
spindle before allowing anaphase to begin. 
What make the cell cycle progress? After the cell receives the mitogenic 
stimulus, cyclins start to express to activate the corresponding cyclin-dependent 
kinases (CDK) to let the cell passing through the restriction point, then the cell cycle 
starts running under the influence of cyclins and cyclin-dependent kinases. 
Cyclin-dependent kinase 2 (CDK2) is essential for initiation of DNA 
synthesis. Binding of CDK2 and Cyclin D are required for the Gl/S transition. 
Cyclin E is synthesized later in the G1 phase and forms a complex with CDK2. It is 
required for the initiation of DNA replication. Expression of cyclin A is induced 
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shortly after that of cyclin E. Cyclin A assembles with CDK2 and CDKl to play roles 
in both the S and G2 phases of the cell cycle. Synthesis and destruction of cyclin B 
oscillates behind that of cyclin A during the cell cycle, and cyclin B-CDKl 
complexes are important for promoting entry into the M phase (Figure 3.1). 
The behavior of a cell at each checkpoint of the cell cycle is largely 
influenced by the preceding events in the cell cycle (such as DNA replication) and 
factors in the cell's environment (such as nutrients or hormones). Whatever the 
influence, its effects are mediated by cellular proteins, activating or inhibiting one 
another in chains of interactions that can be quite elaborate. 
Besides, the alterations of the transcriptome and proteome would also be 
studied. This may shed light to the functional pathway involving antiquitin, and 
giving more insights for the further study. 
3.1.2 Detection of changes in the transcriptome 
Currently there are two major types of DNA microarrays: DNA 
microarrays and oligonucleotide array. DNA microarrays measures gene expression 
levels by exploiting the preferential binding of complementary, single-stranded 
nucleic acid sequences. For the oligonucleotide array, oligonucleotides, usually 25-
to 74-mers, can be either prefabricated and spotted to the surface or directly 
synthesized onto the surface in the form of an array. Each array may contain tens of 
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thousands of spots, each of which corresponds to a single gene (Figure 3.2). The one 
color or traditional two color system can be applied in either method. 
The changes in the transcription pattern of the cells overexpressed with 
antiquitin were assessed by the one color oligonucleotide array, Human Genome 
U133 Plus 2.0 Array, 
(http://www.affvmetrix.com/products/aiTays/specific/hgul33plus.affx) purchased 
from Affymetrix. The Affymetrix GeneChip oligonucleotide array contains several 
thousand ssDNA oligonucleotide probe pairs. Each probe pair consists of an element 
containing oligonucleotides that perfectly match the target (PM probe) and an 
element containing oligonucleotides with a single base mismatch (MM probe). A 
probe set consists of a set of probe pairs corresponding to a target gene (Figure 3.3). 
The labeled RNA is extracted from sample cell and hybridizes to its complementary 
sequence. The expression level is measured by determining the difference between 
the PM and MM probes. Then, for each gene (i.e. probe set) average difference or 
log average can be calculated, in which the average difference is defined as the 
average difference between the PM and MM of every probe pair in a probe set and 
log average is defined as the average log ratios of the PM/MM intensities for each 
probe pair in a probe set. Using this principle, RNAs present at a frequency of 
1:300,000 are unambiguously detected, and detection is quantitative over more than 
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Figure 3.2 Affymetrix GeneChip tile (modified from Affymetrix® GeneChip 
Core Facility Technology Overview. 
http://keck.med.vale.edu/affvmetrix/technologv.htni). 25-mers oligonucleotides 
were directly synthesized onto a glass wafer by a combination of 
semiconductor-based photolithography and solid phase chemical synthesis 
technologies. Each array contains up to 900,000 different oligos and each oligo is 
presented in millions of copies. 
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Figure 3.3 Oligonucleotide pairs of the Affymetrix expression array 
(modiHed from Affymetr ix� GeneChip Core Facility Technology Overview. 
http://keck.med.vale.edu/affvnietrix/technology.htm). Each gene is represented on 
the array by a series of different oligonucleotide probes. Each probe pair consists of a 
perfect match (PM) oligonucleotide and a mismatch (MM) oligonucleotide. The PM 
probe has a sequence exactly complementary to the particular gene and thus 
measures the expression of the gene. The MM probe differs from the PM probe by a 
single base substitution at the center base position, disturbing the binding of the 
target gene transcript. 
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three orders of magnitude. This approach provides a way to use directly the growing 
body of sequence information for highly parallel experimental investigations. For 
Affymetrix human arrays, expressed sequences from databases are collected and 
clustered into groups of similar sequences. Using clusters as a starting point, 
sequences are further subdivided into subclusters representing distinct transcripts. 
This categorization process involves alignment to the human genome, which reveals 
splicing and polyadenylation variants. 
Many sources of systematic variation may affect the measured gene 
expression levels in oligonucleotide array experiments. For the GeneChip 
experiments, scaling/ normalization must be performed for each experiment before 
combining them, so that they can have the same target intensity. The scaling factor of 
each experiment is determined by the array intensity of the experiment and the 
common target intensity, in which the array intensity is a composite of the average 
difference intensities across the entire array. 
3.1.3 Human Genome U133 Plus 2.0 Array 
The Human Genome U133 Plus 2.0 Array (chip) contains 47000 probe sets 
representing more than 39000 transcripts derived from approximately 33000 
well-substantiated human genes. Therefore the chip is a complete coverage of the 
human genome. The chip design uses sequences selected from GenBank®, dbEST, 
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and RefSeq. It was also claimed that the chip, as using the power of the probe set, is 
able to get multiple independent measurements for each transcript that deliver the 
greatest accuracy and reproducibility of any microarray platform by Affymetrix®. 
All probe sets represented on the GeneChip Human Genome U133 Set are identically 
replicated on the GeneChip Human Genome U133 Plus 2.0 Array. The sequences 
from which these probe sets derived are selected from GenBank⑧，dbEST, and 
RefSeq. The sequence clusters are created from the UniGene database (Build 133, 
April 20, 2001) and then refine by analysis and comparison with a number of other 
publicly available databases, including the Washington University EST trace reposity 
and the University of California, Santa Cruz Golden-Path human genome database 
(April 2001 release). 
In addition, there are 9921 new probe sets representing approximately 6500 
new genes. These gene sequences were selected from GenBank, dbEST, and RefSeq. 
Sequence clusters were created from the UniGene database (Build 159, January 25, 
2003) and refined by analysis and comparison with a number of other publicly 
available databases, including the Washington University EST trace repository and 
the NCBI human genome assembly (Build 31). 
3.1.4 Detection of changes in the proteome 
The changes in the proteome after antiquitin overexpression in the cells 
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were studied by first isolating the differentially expressed proteins after 2D 
electrophoresis, and then the proteins would be identified by MALDI-TOF MS. 
Two-dimensional electrophoresis is to separate the proteins first according 
to their isoelectric point (pi) and then the molecular weight (MW); while mass 
spectrometry measures gaseous ions (cations or anions) in a high vacuum 
environment. 
Different mass spectrometry methods are usually classified based on the 
way that the gas phase ions are generated (i.e., ionization methods). The ionization 
techniques are important because biological molecules such as proteins, peptides, 
and oligonucleotides are not volatile by nature. Modem used ionization methods for 
these macromolecule analyses are Electrospray Ionization (ESI) and Matrix-assisted 
Laser Desorption Ionization (MALDI). In this research project, the changes in the 
proteome would be assessed by the MALDI MS. 
3.1.5 MALDI-TOF MS 
MALDI uses laser as the energy source to generate gaseous ions. The 
operation requires the sample to be mixed and co-crystallized with a matrix. The 
laser energy is absorbed by the matrix molecules and transferred to the analyst 
molecules imbedded in the matrix crystal, which results in ion formation. The 
matrices are normally small organic molecules with strong absorption at the 
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particular laser wavelength. MALDI usually generate molecular ions with 1+ to 4+ 
charges. It is good for direct mixture analysis without HPLC separation. MALDI is 
also very sensitive and typically requires only 1-10 pmol of samples. The mass 
accuracy is 0.01-0.05% of the protein molecular weight using the current 
time-of-flight (TOF) mass spectrometer. It can tolerate moderate amount of salt. 
Excessive amount of salt is still harmful. Any contaminant or solvent that prevents 
the formation of matrix-analyst crystal will result in having no spectrum. 
As it takes time for the transcription and translation of new genes and 
proteins to take place if there was an alteration of the transcriptome as well as the 
proteome, characterization of the cells overexpressed with antiquitin would be started 




3.2.1 Solutions for cell culture use 
DMEM/F12 was prepared according to the manufacturer's protocol. The pH 
of the media was adjusted to 7.15, then sterilized filtered by 0.22|im cellulose acetate 
membrane bottle-top filter (7111, Falcon, Becton Dickinson, NJ, USA). The plain 
media were stored at 4°C. 
lOOX Retinoic acid for differentiation of SHSY5Y cells was dissolved in 
DMSO as 50mg/mL It was further diluted to the concentrations needed using the 
plain media. 
Forskolin was reconstituted in DMSO as 5mg/ml. It was further diluted to the 
concentrations needed by using the plain media. 
3.2.2 Solutions for cloning 
Low salt Luria-Bertani (LB) broth was prepared by using lOg tryptone, 5g 
NaCl and 5g yeast extract in IL ddl^O, pH 7.5, and autoclaved. Fifteen percent (w/v) 
agar was added if low salt LB agar plate was prepared. 
LB Broth was prepared by 20g LB in IL ddH20, and autoclaved. Fifteen 
percent (w/v) agar was added if low salt LB agar plate was prepared 
3.2.3 Buffers for cell cycle analysis 
Propidium iodide (PI) labeling buffer was prepared by 2\ig/m\ PI in 
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100|ig/ml RNase-containing PBS. It was stored at 4°C. 
3.2.4 Buffers for two-dimensional (2D) electrophoresis 
Cell lyses solution was prepared by 8M urea, 4% CHAPS and 40mM Tris 
in nano-pure water. It was either freshly prepared or stored in aliquots at -20°C. 
Protease inhibitor cocktail (10%) (v/v) for mammalian cell line was added prior to 
use. 
Bicinchoninic acid (BCA) assay solution was freshly prepared by mixing 
BCA solution with 4% CuSCU • SHiO (v/v) in a ratio 50:1. 
DESTREAK Rehydration Solution was prepared by 8M urea, 2% CHAPS 
(w/v), 0.002% bromophenol blue (w/v). It was stored in aliquots at -20�C. 
DESTREAK solution and 0.5% IPG Buffer pH3-10 (v/v) were added prior to use. 
Bromophenol blue stock solution was prepared by 1% bromophenol blue 
(w/v) in 50mM Tris solution. It was stored at RT. 
SDS equilibration buffer was prepared by 50mM Tris, pH 8.8, 6M urea, 
30% glycerol (v/v), 2% SDS (w/v), 0.002% bromophenol blue (w/v) in nano-pure 
water. It was stored in aliquots at -20°C. Ten mg/ml dithiothreitol was added to the 
buffer for the first equilibration step whereas 25mg/ml iodoacetamide was added to 
the new buffer for the second one prior to use. 
4X separating gel buffer was prepared by 1.5M Tris, pH 8.8. It was stored 
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at 40C. 
4X stacking gel buffer was prepared by 0.5M Tris-HCl, pH 6.8. It was 
stored at 
12% SDS polyacrylamide separating gel was freshly prepared by mixing 
4ml 30% acrylamide/ bis solution (37.5:1, v/v), 2.5ml 4X separating gel buffer, 
0.1ml 10% SDS (w/v) solution and 3.35ml water. 70|il 10% ammonium persulfate 
(w/v) and 5\i\ TEMED were added to initiate the polymerization reaction. This 
formula was scaled up for gel with larger size. 
4.50/0 SDS polyacrylamide stacking gel was freshly prepared by mixing 
1.3ml 30% acrylamide/ bis solution (37.5:1, v/v), 2.5ml 4X stacking gel buffer, 0.1ml 
10% SDS (w/v) solution and 6.1ml water. 140)il 10% ammonium persulfate (w/v) 
and 10|il TEMED were added at last. 
SDS electrophoresis buffer was prepared by 25mM Tris, 192mM glycine 
and 0.1% SDS (w/v). It was stored at RT. 
4X SDS loading buffer was prepared by 50mM Tris, pH 6.8; 26.1% 
glycerol (w/v), 1.6% SDS (w/v), 0.02% 2-mercaptoethanol (v/v) and 0.001% 
bromophenol blue (w/v). It was stored at RT. 
3.2.5 Solutions for silver staining 
Gel fixing solution was freshly prepared by mixing 40% ethanol (v/v), 
1 0 1 
10% acetic acid (v/v) and 50% nano-pure water. 
Sensitizing solution was freshly prepared by 30% ethanol (v/v), 0.2% 
sodium thiosulphate (w/v) and 83mM sodium acetate. 
Silver reaction solution was prepared by 0.25% (w/v) silver nitrate 
solution. 
Developing solution was prepared by 23.5mM sodium carbonate and 
0.007% formaldehyde (w/v). 
Stop solution was prepared by O.OlmM EDTA-Na�• 2H2O. 
Gel storage solution was freshly prepared by 30% ethanol (v/v), 4% 
glycerol (w/v) and 66% nano-pure water. 
3.2.6 Solutions for Coomassie blue protein staining 
Coomassie blue staining solution was prepared first by mixing acetic acid, 
methanol and water with a ratio 1:3:10 (v/v/v), then 0.05% (w/v) Coomassie brilliant 
blue R-250 was added. The solution was stored in dark at RT. 
De-staining solution was prepared with 40% methanol (v/v), 10% acetic 
acid (v/v) and 50% nano-pure water. It was stored in dark at RT. 
3.2.7 Solutions for Western blotting 
Electroblot buffer was prepared by 20mM Tris-base, 192mM glycine and 
20% methanol (v/v), pH 8.3. It was stored at 4°C. 
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Tris-buffered saline with Tween-20 (TBS-T) was prepared by 20mM 
Tris-base，137mM NaCl and 0.05% Tweens-20 (v/v), pH 7.6. It was stored at 
Antibodies stripping off solution was prepared by 482mM NaCl in 35% 
acetic acid (v/v). It was stored at 
3.2.8 Solutions for mass spectrometry 
Silver de-staining solution was freshly prepared by mixing 30mM 
potassium ferricyanide with 1 OOmM sodium thiosulphate solution in a ratio 1:1. 
Peptide extraction solution was prepared freshly by 50% acetonitrile (v/v) 
and 2.5% trifluoroacetic acid (v/v). 
Peptide elution solution was freshly prepared by 50% acetonitrile (v/v) and 
0.05% trifluoroacetic acid (v/v). 
Saturated a-CHCA solution was prepared by dissolving lOmg a-CHCA in 
1ml peptide elution solution. It was stored in dark in aliquots at -20°C. 
Trypsin was reconstituted to ljj,g/|j.l in 50mM acetic acid. This stock 
trypsin solution was stored in aliquots at -80°C. The reconstituted trypsin was thawed 
on ice and diluted in 40mM NH4HCO3, 10% acetonitrile (v/v) to 20|j.g/ml for in-gel 
tryptic digestion. 
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3.3 Methods 
3.3.1 Hypoosmotic stress 
Hypoosmotic medium was prepared by dilution of the plain medium 
(DMEM or RPMI 1640) with sterile d d H � � i n different ratios. The osmolarity of the 
solutions was determined on a Wescor Vapro® Vapor Pressure Osmometer (Table 
3.1). The control experiments were performed in the plain media. 
3.3.2 Heat shock 
HEK293 cells and HepG2 cells were subjected to heat shock experiment at 
43°C for 1,2 and 3 h in a CO2 independent medium. The control experiments were 
performed in the same medium at 37°C. C02-independent medium was used instead 
of the normal plain medium to avoid different solubility of CO2 in the medium owing 
to the temperature difference, which may affect the pH of the medium (Table 3.1). 
3.3.3 Oxidative stress treatment 
r-Butylhydroperoxide (rBHP) and hydrogen peroxide (H2O2) were used to 
exert oxidative stress on the HEK293 cells (Table 3.1). The control experiments were 
performed in the plain DMEM. 
3.3.4 Chemical hypoxia 
HEK293 and HepG2 cells were subjected to chemical hypoxia by sodium 
azide (NaNs), and 2-deoxy-D-glucose (Table 3.1). The control experiments were 
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Table 3.1 Concentrations of agents used to study antiquitin expression in 
HEK293 and HepG2 cells. 
HEK293 cells HepG2 cells 
Agents 
80% viability 50% viability 80% viability 50% viability 
/BHP 300|iM 450^M / 
H2O2 SO[xM 200[xM / 
Hypoosmotic media 70% 35% 60% 40% 
Heat shock 43°C Various incubation times: 1, 2 and 3h 
Sodium azide lOmM，Ih 
2-deoxy-D-glucose lOmM, Ih 
Sodium azide + 
10mM+ lOmM, Ih 
2-deoxy-D-glucose 
Forskolin lOO^iM, 3h 
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performed in the plain media. 
3.3.5 Treatment of forskolin 
HEK293 cells and HepG2 cells were treated with forskolin (an adenylate 
cyclase activator) for 1 h (Table 3.1). The control experiments were performed in the 
plain media. 
3.3.6 Culture of SHSY5Y cells and its differentiation 
SHSY5Y cells were maintained in DMEM-F12 supplemented with 10% 
fetal bovine serum (FBS) (v/v), lOOU penicillin and lOOjig streptomycin (complete 
medium) at 37®C, in a 5% CO2 incubator (SHEL LAB) with humidified atmosphere. 
Differentiation of SHSY5Y cells was induced by replacing the complete 
growth medium with 15% heat-inactivated FBS (v/v) supplemented DMEM-F12 
containing IX retinoic acid for five days. Elongation of cells was resulted. At the 
sixth day, the medium was replaced by DMEM-F12, 1% heat-inactivated FBS (v/v) 
and IX N2-supplement. The growth of neuritis was observed in the differentiating 
cells (Simpson et al., 2001). The expression of antiquitin was monitored by RT-PCR 
throughout the differentiation. 
3.3.7 Cloning of pBUDCE4.1/ATQ 
The human antiquitin ORF provided in the pDNR_Dual/ATQ (BT007823) 
clone was identical to the clone submitted by Mammalian Genome Collection (MGC) 
1 0 6 
of National Institute of Health (NIH) (Accession no. BC002515). The full length 
human antiquitin ORF of BT007823 was amplified by PGR with the primers 
encoding with specific cutting sites for restriction enzymes Not\ (underlined) at 
forward: 5' TGAGCCGCGGCCGCATGTCCACTCTCCTCATCAAT 3’； and Xhol 
(underlined) at reverse: 5' 
GGCTCACTCGAGrC4CAACTGAAACTTGATTCCTTG 3’. As the clone did not 
have a stop codon, therefore TCA was included at the 3’ end of the reverse primer 
right before the Xhol cutting site. The amplification product of these primers has a 
size of 1565 bp. PGR was carried out in 50|il reaction mix containing 50mM KCl, 
lOmM Tris pH 9，2mM MgCb, 200}iM dNTP，0.4pmole primers, 2.5U Pfu 
polymerase. After an initial denaturation at 94°C for 2 min, the PCR was performed 
at 94�C for 30 s, 60�C for 30 s and 72�C for 75 s. Twenty-five cycles were used for 
amplification (Table 3.2). 
3.3.8 PCR product purification 
The gene amplified for cloning was size separated on a 1.5% agarose gel 
and purified using the QIAquick gel extraction kit. The product was subjected to 
enzymatic digestion by Not\ and Xhol in a 10|li1 reaction mix containing 50mM 
Tris-HCl, lOmM MgCli, lOOmM NaCl and ImM DTT, pH 7.9, for 2 to 16 h at 37�C. 
The product was purified by the QIAquick PCR purification kit and ligated to the 


















































































































































































































































































































































Not\ and Xhol linearized pBudCE4.1 vector, using lOU ligase at 16�C for 16 h. The 
vector-ligated gene fragment was transformed into E.coli DH5a by the heat shock 
method (Davis et al, 1994). A single colony derived from the transformed DH5a was 
inoculated in 3 ml low salt LB broth containing 50)ig/ml zeocin at 37°C for 16 h, and 
extracted by QIAprep spin miniprep kit. The ORF of the construct was confirmed by 
sequencing. 
3.3.9 Preparation of pEGFP.Nl vector for co-transfection 
The pEGFP.Nl vector was transformed into E.coli DH5a by heat shock 
method. The single colony derived was inoculated in 3ml LB broth containing 
30jig/ml kanamycin at 37°C for 16 h, and extracted by QIAprep spin miniprep kit. 
3.3.10 Transfection of HEK293 and HepG2 cells 
To study the effect of overexpression of human antiquitin by 
pBudCE4.1/ATQ in HEK293 and HepG2 cells, the parent vector pBudCE4.1 was 
transfected to the cells as mock transfection control. The pEGFP.Nl vector was also 
co-transfected to monitor the transfection efficiency of each transfection experiment. 
The amounts of total DNA and pEGFP.Nl vectors for transfection were 
determined by the validation tests in which different amounts of total plasmids and 
pEGFP.Nl were transfected into the cells. A profile of green fluorescent intensity 
given by different amount of pEGFP.Nl was constructed. The amounts of total 
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plasmids and pEGFP.Nl used were chosen in the mid-point of the exponential phase 
of the reaction. The transfection efficiency of the cells with the chosen pEGFP.Nl 
amount was further investigated by the whole peak shift of green fluorescent signal 
using flow cytometry. 
Two micrograms of plasmid DNA with different combinations of 
pBudCE4.1/ATQ, pBudCE4.1 and pEGFP.Nl vectors were transfected into the cells 
in plain medium by Lipofectamine alone or with Plus reagent (Table 3.3). After 
replacing the transfection mix with complete medium, an additional 60 h were 
allowed for the gene expression pattern to be altered, before the cells were harvested 
for characterization by the following assays. 
3.3.11 Assays to characterize transient transfected HEK293 and HepG2 cells 
3.3.11.1 Transfection efficiency monitoring 
Enhanced green fluorescent protein (EGFP) was transfected to the cells in 
both mock and antiquitin transfected cells by the pEGFP.Nl. The intensity of EGFP 
was measured by Victor-Victor Wallae multilabel counter, to measure the transfection 
efficiency of each transfection experiment before proceed to other assays for 
transfected cells characterization. 
Spent medium was replaced by PBS, the EGFP intensity was measured to 
normalized the batch to batch differences in the transient transfection. 
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Table 3.3 Transfection conditions for HEK293 and HepG2 cells. 
Transfection pBudCE4.1 (^g) pBudCE4.1/ATQ (^ig) pEGFP.Nl (\ig) 
HEK293 cells 
Mock 1.5 / 0.5 
Antiquitin 0.5 1.0 0.5 
HepG2 cells 
Mock 1.2 / 0.8 
Antiquitin 0.2 1.0 0.8 
HEK293 cells (6 x 10^ cells/well) and HepG2 cells (4 x 10' cells/well) were 
seeded in a 6-well plate. The cells were washed with PBS to remove residue serum in 
the growth medium. 2jig plasmid DNA was mixed with 4jj,l Lipofectamine™ for 15 
min (HEK293 cells) or first with 16|il Plus reagent™ for fifteen minutes and then 4jil 
LipofectamineTM for another 15 min (HepG2 cells). The mixture was diluted to 1ml 
in plain media when plating into the cells for 6 and 9 h transfection, respectively. The 
mixture was replaced by complete medium and incubated further for 60 h. The cells 
were harvested for subsequent characterization experiments. 
I l l 
3.3.11.2 Cell cycle analysis 
Transfected cells were trypsinized. The cell pellet was washed once with 
PBS at 6,000 rpm, 4°C for 3 min at a table-top centrifuge. The cells were 
re-suspended in 50|al PBS. They were fixed with 1ml -20�C 70% EtOH (v/v) in 
autoclaved ddHsO with vortexing during addition. The cells were kept at 4°C for 0.5 
to 4 h. The fixed cells were pelleted and washed with PBS once at 6,000 rpm, 4°C for 
3 min at a table-top centrifuge. The fixed cells were stored in PBS at 4°C for not 
more than 3 days before flow cytometry (FCM) analysis. The fixed cells were 
labeled with 2|j,g/ml propidium iodide (PI) in 1 OOjig/ml RNase-containing PBS at 
room temperature (RT) for at least 30 min. FCM was carried out by FACSort Becton 
Dickinson flow cytometer with excitation at 488nm, using the CellQuest software for 
data acquisition. Ten thousand events per sample were acquired. Cells were gated on 
forward scatter (FSC) and side scatter (SSC) dot plot to exclude debris. The red PI 
fluorescence signals were collected with a linear FL2-H channel. Measurements were 
performed on at least three independent experiments. The proportion in G q / G i , S and 
G2/M phases was estimated using the Modfit cell cycle analysis program. 
3.3.11.3 Cell doubling time measurement 
Cells were trypsinized 12 h after the replacement of transfection mix with 
complete medium. The cell number of each transfection was re-counted for 
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re-seeding the cells. The cell number of each transfection was counted until the 
EGFP fluorescent intensity started to decrease. 
3.3.11.4 Stress responsiveness 
The spent medium of the 60 h transfected cells were replaced by 
hyperosmotic medium (NaCl, sorbitol and urea) for a further 24 h incubation. The 
concentrations used were up to IM for NaCl and sorbitol, and 2M for urea. The cell 
viability after treatments was measured. The viability of the transfected cells 
incubated in plain media was set to be 100%. 
3.3.11.5 Oligonucleotide array analysis 
3.3.11.5.1 Total RNA extraction 
Total RNA was isolated and characterized from the transfected HEK293 
and HepG2 cells as mentioned previously. 
3.3.11.5.2 Oligonucleotide array preparations 
Each transfected cells transcriptome was assayed individually，one 
oligonucleotide array per batch of transfected cells. After the RNA integrity passed 
the BioanalyzefTM test, the RNA was preceeded to oligonucleotide analysis 
preparation. 
Ten micrograms total RNA per batch of transfected cells were converted to 
double stranded cDNA (Superscript Choice System, Life Technologies) and used as 
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templates to synthesize biotin-labeled cRNA (T7 Megascript kit, Ambion, Austin, 
TX). Biotin-labeled cRNA was purified using RNeasy affinity columns (Qiagen, 
Valencia, CA). The cRNA was hybridized to high-density human oligonucleotide 
array (Human U133 Plus 2.0，Affymetrix, Santa Clara, CA) as described 
(Bronikowski et al., 2003). After hybridization, the gene arrays were washed and 
stained in a fluidic station and scanned at a resolution of 6|im with a Hewlett-Packard 
GeneArray Scanner. These steps were done in the Genome Research Centre of The 
University of Hong Kong. 
3.3.11.5.3 Data analysis 
The oligonucleotide array was assumed to be a valid run only when the 
noise was smaller than 2.3, the average noise background was smaller than 100, the 
present call was larger than 40%, and the 375' ratio of housekeeping genes 
(beta-actin and glyceraldehydes-3-phoshate) was smaller than 3 after global scaling 
by the GeneChip Operating Software version 1.2 (Affymetrix). 
The probes with absent calls in both the mock transfected and antiquitin 
transfected arrays were not included in the analysis determined by the Data Mining 
Tool version 3.1 (Affymetrix). Only when the fold of change was larger than two 
(either upregulated or downregulated) comparing to the mock transfected control 
were analyzed. 
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3.3.11.6 Two-dimensional (2D) electrophoresis 
3.3.11.6.1 Total protein extraction 
Transfected cells were trypsinzed and washed twice with PBS to remove 
residue proteins in the complete medium, including serum, penicillin, streptomycin 
and trypsin. The cell pellet was scrambled and re-suspended in a minimum amount 
of cell lyses buffer. The rapid lyses of the cells were enhanced by vortexing at 4°C 
for 30 min. The whole cell lysate was subjected to centrifugation at 20,812 x g, 4°C 
for 20 min, at a table-top centrifuge. Supernatant was aliquot and stored at -20°C for 
not longer than 1 week before 2D electrophoresis. 
3.3.11.6.2 Protein quantiHcation 
The amount of protein in the whole cell lysate was determined by BCA 
assay in a 96-well plate format. Two hundred microliters BCA solution mixed with 
CUSO4 • 5H2O solution in a ratio of 50:1 (v/v) was added to each well containing lOfil 
diluted protein samples or protein standard of bovine serum albumin (BSA) ranging 
from 1.6-25i^g. The reaction was incubated at 37°C for 30 min. The absorbance was 
recorded at 540nm. BCA • CUSO4 solution alone was used as blank. 
3.3.11.6.3 First dimension electrophoresis: isoelectric focusing (lEF) 
Five hundred micrograms protein was loaded in 250|j.l rehydration solution 
with 0.5% IPG buffer to a 13cm long pH 3-11 linear IPG Dry Strip for rehydrating 
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overnight under low viscosity dry strip cover fluid. Isoelectric focusing was started 
30 min after the protein-rehydration buffer was applied. The IPG strip was conducted 
by Ettan IPGphor system (Amersham Biosciences) at 30V, lOh; 500V, Ih; lOOOV，Ih; 
3000V, Ih; 5000V, Ih; 8000V, until the total voltage h (VhT) reached 17000 ± 200. 
lEF was performed at 20°C throughout the process. The strip was equilibrated with 
1 Omg/ml dithiothreitol for 15 min and then with 25mg/ml iodoacetamide for another 
15 min before the second dimension electrophoresis. 
3.3.11.6.4 Second dimension electrophoresis: SDS-PAGE 
Twelve percent SDS polyacrylamide gel was used to further separate the 
protein by size. The equilibrated strip was sealed to the top of the vertical gel with 
0.7% agarose. It was subjected to electrophoresis at 200V until the dye entered the 
gel. Then the gel was run at 120V until the dye reached the edge of the gel. 
3.3.11.6.5 Silver staining 
The whole fixation and staining process was performed at RT with the use 
of nano-pure water (ISkOhms) whenever possible. After the second dimension 
electrophoresis, the gel was rinsed to remove residual SDS and electrode buffer 
before addition of fixing solution. The gel was allowed to fix in an orbital shaker for 
at least 8 h before silver staining. The gel was stained by using Silver Staining Kit for 
Protein with these modifications: glutaradialdeyde was excluded in the sensitizing 
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solution, and formaldehyde was excluded in the silver nitrate solution. This avoided 
reducing the sensitivity of mass spectrometry with scarifying the loss of polypeptides 
may be increased. The gel image was scanned with ImageScanner (Amersham 
Biosciences) using the computer programe LabScan® (Amersham Bioscience). The 
gel was stored in the storage buffer at 4°C until analysis. 
3.3.11.6.6 Spots dectection 
The MW and p/ were obtained by using the computer program 
ImageMasterTM 2D Elite (Amersham). They were confirmed for mass by comparison 
with MW marker. 
3.3.11.7 Preparation of samples for MALDI-TOF MS 
The following were modified from Gharahdaghi et al., 1999, Sumner et al., 
2002, Richert et al., 2004 and the product information sheet of Trypsin-Gold.™, 
Promega. The whole mass spectrometry sample preparation was performed at RT 
with the use of nano-pure water (ISkOhms) whenever possible. 
3.3.11.7.1 Silver de-staining 
Only the spots existed either in the gel of mock transfected cells or in that 
of the antiquitin transfected cells, but not both, were excised by a flame-sterile razor 
blade. A piece of gel was excised at the blank region and processed in parallel with 
the sample to identify trypsin autoproteolysis products. The excised gel dice was 
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stored at -20°C until de-staining. 
The gel dice was first rinsed with water twice. 30mM potassium 
ferricyanide was mixed with lOOmM sodium thiosulfate in 1:1 ratio immediately 
before use. 50|j,1 de-staining solution was added to cover the dice with occasional 
vortexing until the stain intensity disappeared. The dice was rinsed with water to stop 
the reaction. 200mM ammonium bicarbonate (NH4HCO3) was added to cover the 
dice for 20 min and then discarded. The de-staining process was repeated once. The 
dice was rinsed with water and dehydrated repeatedly with changes of acetonitrile 
until the dice turned opaque white. The dice was dried in a vac cum centrifuge for 30 
min. 
3.3.11.7.2 In-gel tryptic digestion 
The dried dice was incubated on ice for 30 to 60 min in 10|il of 25|ig/ml 
trypsin in 10% acetonitrile (v/v), 40mM ammonium carbonate ((NH4)2C03) 
(digestion solution). Fifty microliters digestion solution was added and the dice was 
digested at 37®C for at least 16 h. 
3.3.11.7.3 Peptide extraction 
The digestion mix was collected. Twenty microliters 50mM NH4HCO3 was 
added to the digested dice and sonicated for 10 min. The supernatant was saved with 
the digestion mix. 20fj.l extraction buffer was added and sonicated for ten mins. The 
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supernatant was saved with the digestion mix. This step was repeated once. Lastly, 
I0|il acetonitrile was added and sonicated for 10 min. All the supernatant extracts 
were combined and subjected to vaccum centrifuge until dry. 
3.3.11.7.4 ZipTip® samples desalting and concentrating 
When handling ZipTip⑧，bubbles must be avoided, otherwise blockage of 
the tip would be resulted. The vaccum-dried peptide was resuspended in lO i^l 0.1% 
trifluoroacetic acid (TFA) (v/v). The ZipTip® was wet by aspirating with 50% 
acetonitrile (v/v) into the tip and dispensed to waste; this was repeated five times. 
The peptide sample was bound to the ZipTip® by aspirating and dispensing for ten 
times. The peptide-bound ZipTip® was washed with 10)j,1 0.1% TFA (v/v) by 
aspirating and dispensing for 5 times. The desalted and concentrated peptide was 
eluted with 2[i\ elution solution by aspirating and dispensing for 5 times. 
3.3.11.7.5 MALDI-TOP MS 
Ten mg/ml a-CHCA in elution solution was prepared and stored in aliquot 
at -20°C. One microliter a-CHCA solution was mixed with l|j,l eluted peptide. One 
microliter mixture was dotted onto a well of MALDI-TOP plate; another l)il mixture 
was dotted after the first dot was dried. 
3.3.11.8 Western blotting 
The apparatus of Mini-Protean II cell (BIO-RAD) for SDS-PAGE was set 
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up according to the manual. Twelve percent SDS polyacrylamide separating gel and 
4.5% stacking gel were used to separate the whole cell lysates, with 25|Lig protein per 
lane. The protein was mixed with 4X SDS loading buffer and boiled for ten mins, 
together with the BenchMark™ pre-stained protein ladder. The gel was subjected to 
140V until the dye reached the edge of the gel. The gel was soaked in the electroblot 
buffer for 1 min. Electroblotting of proteins was carried out using the semi-dry 
transfer cassette. The 0.22|j-m polyvinylidene fluoride (PVDF) membrane 
(Immobilon-pSQ, Millipore) was wetted with absolute methanol and then immersed 
in electroblot buffer, 1mm filter paper (Whatman) was also wetted with electroblot 
buffer. The transfer system for electroblotting was set up with the following sequence 
without bubbles trapped: cathode, three pieces of filter paper, gel, PVDF membrane, 
three pieces of filter paper, anode. Electroblotting was performed at 15V for 75 min. 
3.3.11.8.1 Antibodies probing 
The membrane was transferred to a minimum volume of 5% non-fat milk 
in Tris-buffered saline-Tween-20 (TBS-T) covering the surface of membrane, with 
transferred protein side up. The membrane was allowed to have non-specific 
blocking for 30 min at RT. The membrane was washed with TBS-T for three times, 
each for 15 min. Then the membrane was allowed to probe with the primary antibody 
in 5% non-fat milk overnight at The membrane was washed as above. 
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Secondary antibody was added in 5% non-fat milk for probing for 2 to 16 h at 4°C. 
The membrane was washed as above. 
3.3.11.8.2 Enhanced chemiluminescence's (ECL) assay 
ECL assay was performed by mixing the ECL reagent 1 and reagent 2 in a 
ratio of 1:1. The transferred side of the membrane was exposed to the ECL reagent 
mix for 1 min at RT. The membrane was wrapped with saran wrap and developed on 
Fuji Medical X-ray film (Super Rx, Fuji) at various time periods. Films were 
processed in a film processor (M35 X-OMAT, Kodak). 
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3.4 Results 
3.4.1 Inducibility of antiquitin in HEK293 cells under xenobiotic stimulus 
The expression of antiquitin in the HEK293 cells treated with rBHP and 
H2O2, for studying the putative XRE present on the human antiquitin promoter, did 
not have significant change relative to that of the control (Figure 3.4). 
3.4.2 Inducibility of antiquitin in HEK293 and HepG2 cells under chemical 
hypoxia 
The expression of antiquitin in the HEK293 cells treated with sodium azide 
(NaNs), 2-deoxy-D-glucose or their combination, for studying the putative E-boxes 
for HIF binding, were downregulated relative to the control (Figure 3.5) while for the 
HepG2 cells, the expression of it did not have significant change relative to that of 
the control (Figure 3.6). 
3.4.3 Inducibility of antiquitin in HEK293 and HepG2 cells under 
hypoosmotic stress 
In Figure 3.7, it can be seen that the expression of antiquitin in HEK293 
cells, did not change much relative to that of the control under hypoosmotic stress. 
Similarly, significant change was also not observed in HepG2 cells (Figure 3.8). 
3.4.4 Inducibility of antiquitin in HEK293 and HepG2 cells under heat shock 
The expression of antiquitin in the 43°C treated cells did not alter much 
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Figure 3.4 Expression of antiquitin in HEK293 cells after xenobiotic 
treatments. HEK293 cells were incubated with /BHP or H2O2 at the concentrations 
indicated for 4 h at 37°C, 5% CO2. Beta-actin was used as the internal normalized 
gene. Results were the mean 土 S.D. (n = 2). 
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Figure 3.5 Expression of antiquitin in HEK293 cells after chemical hypoxia. 
HEK293 cells were incubated with NaNs or 2-deoxy-D-glucose at the concentrations 
indicated for 1 h at 37°C, 5% C〇2. Beta-actin was used as the internal normalized 
gene. Results were the mean 土 S.D. (n = 2). <0.05; <0.005, when compared 
with the plain DMEM control by student's /-test. 
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Figure 3.6 Expression of antiquitin in HepG2 cells after chemical hypoxia. 
HepG2 cells were incubated with NaN3 or 2-deoxy-D-glucose at the concentrations 
indicated for 1 h at 37°C, 5% CO2. Beta-actin was used as the internal normalized 
gene. Results were the mean 士 S.D. (n = 2). 1 2 5 
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Figure 3.7 Expression of antiquitin in HEK293 cells under hypoosmotic 
stress. HEK293 cells were incubated with the diluted DMEM with the indicated 
percentage for 6 h at 37°C, 5% CO2. Beta-actin was used as the internal normalized 
gene. Results were the mean 士 S.D. (n = 2). 
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Figure 3.8 Expression of antiquitin in HepG2 cells under hypoosmotic stress. 
HepG2 cells were incubated with the diluted RPMI with the indicated percentage for 
6 h at 37�C, 5% CO2. Beta-actin was used as the internal normalized gene. Results 
were the mean 士 S.D. (n 二 2). 
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from the 37�C control in both HEK293 and HepG2 cells (Figures 3.9 and 3.10). 
3.4.5 Inducibility of antiquitin in HEK293 and HepG2 cells under forskolin 
challenge 
The expression of antiquitin in the HEK293 and HepG2 cells after forskolin 
treatments had no significant difference compared to that of the controls (Figures 
3.11 and 3.12). 
3.4.6 Expression of antiquitin in differentiating SHSY5Y cells by retinoic acid 
and N2 supplement 
The expression of antiquitin was studied in the differentiating SHSY5Y cells 
by treating it with retinoic acid (day 0 to day 5) and then with N2 supplement (day 6 
to day 9). The expression of antiquitin decreased from day 0 to day 3 and increased 
until day 6. The level of it then dropped significantly again (Figure 3.13). 
3.4.7 Overexpression of antiquitin in HEK293 and HepG2 cells 
Sixty hours after transfection, the transfection efficiency was monitored by 
flow cytometry, as well as by the fluorescent plate reader (Figures 3.14 and 3.15). 
The green fluorescent peak of both the mock and antiquitin transfected HEK293 and 
HepG2 cells were shifted to right (Figures 3.14A and 3.14B), indicating that 
pEGFRNl vector has been successfully introduced into the transfected cells under 
the conditions used. This implied that the blank vector and/ or pBUDCE4.1/ATQ 
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Figure 3.9 Expression of antiquitin in HEK293 cells after heat shock 
treatments. HEK293 cells were incubated in CO2 independent medium at 37 or 
43®C for 1，2 or 3 h. Beta-actin was used as the internal normalized gene. Results 
were the mean 土 S.D. (n = 2). 
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Figure 3.10 Expression of antiquitin in HepG2 cells after heat shock 
treatments. HepG2 cells were incubated in CO2 independent medium at 37 or 43°C 
for 1 or 2 h. Beta-actin was used as the internal normalized gene. Results were the 
mean 土 S.D. (n = 2). 
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Figure 3.11 Expression of antiquitin in HEK293 cells after forskolin treatment. 
HEK293 cells were treated with 100}iM forskolin at 37^C for 1 h. Beta-actin was 
used as the internal normalized gene. Results were the mean 土 S.D. (n = 2). 
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Figure 3.12 Expression of antiquitin in HepG2 cells after forskolin treatment. 
HepG2 cells were treated with 100|iM forskolin at 37°C for 1 h. Beta-actin was used 
as the internal normalized gene. Results were the mean 士 S.D. (n = 2). 
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Figure 3.13 Expression of antiquitin in SHSY5Y cells during its 
differentiation. SHSY5Y cells were induced to differentiation by treating with IX 
retinoic acid for 5 days in 15% heat-inactivated FBS (v/v) supplemented DMEM-F12. 
The medium was replaced by DMEM-F12, 1% heat-inactivated FBS (v/v) and IX 
N2-supplement on day fifth. The expression of antiquitin was studied by RT-PCR. 
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Figure 3.14 Transfection efficiency of HEK293 cells. The transfection 
efficiencies were measured in both the mock and antiquitin transfected HEK293 cells 
60 h after transfection. (A) Flow cytometry. The cells were trypsinized and analyzed 
by the green fluorescent channel (FLl-H). (B) Fluorescent plate reader: growth 
medium of the cells was replaced by PBS and the green fluorescence of the cells 
were measured. The intensity of the untransfected cells was set to be 100%. 
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Figure 3.15 Transfection efficiency of HepG2 cells. The transfection efficiencies 
were measured in both the mock and antiquitin transfected HepG2 cells 60 h after 
transfection. (A) Flow cytometry. The cells were trypsinized and analyzed by the 
green fluorescent channel (FLl-H). (B) Fluorescent plate reader: growth medium of 
the cells was replaced by PBS and the green fluorescence of the cells were measured. 
The intensity of the untransfected cells was set to be 100%. 
1 3 5 
vector were also co-transfected into the cells. The transfection efficiency was 
monitored by the fluorescent plate reader, giving fluorescent readings for subsequent 
transfection normalization (Figures 3.14B and 3.15B). These readings help to 
normalize the batch to batch difference due to transient transfection. 
The expression of antiquitin was also studied by Western blotting, using 
anti-seabream antiquitin antibodies (a gift from Tang WK). The expression of 
antiquitin was increased by six-fold in antiquitin-transfected HEK293 cells (Figure 
3.16) and more than two-fold in antiquitin-transfected HepG2 cells (Figure 3.17). 
3.4.8 Viability of transfected HEK293 and HepG2 cells under hyperosmotic 
stress 
The viability of transfected cells under hyperosmotic stress was studied by 
incubating the cells with hyperosmotic medium (NaCl, sorbitol and urea). After 24 h 
treatment, the viability of cells decreased as the substance concentrations and 
osmolarities increased for both mock transfected and antiquitin transfected cells 
(Figures 3.18 and 3.19). The HEK293 cells transfected with antiquitin has a slight 
increase in resistance to hyperosmotic stress, for example, the resistance was 
significantly increased when treating the cells with 500mM sorbitol (Figure 3.18B). 
For the antiquitin transfected HepG2 cells, there was also a slightly increased 
resistance to hyperosmotic stress. The increase in resistance was significant when 
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Figure 3.16 Western blot of antiquitin in transfected HEK293 cells. Whole 
lysate (25jig) of transfected HEK293 cells were subjected to Western blot analysis. 
Protein levels were identified using anti-black seabream antiquitin antibody. 
Detection of beta-actin was performed as an internal control for protein loading. 
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Figure 3.17 Western blot of antiquitin in transfected HepG2 cells. Whole 
lysate (25^g) of transfected HepG2 cells were subjected to Western blot analysis. 
Protein levels were identified using anti-black seabream antiquitin antibody. 
Detection of beta-actin was performed as an internal control for protein loading. 
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Figure 3.18 Viability of transfected HEK293 cells under hyperosmotic stress. 
HEK293 cells were either mock or antiquitin transfected for 60 h. The cells were 
then subjected to different hyperosmotic media prepared by (A) NaCl, (B) sorbitol, 
(C) urea, for 24 h at the concentrations indicated. The viability of the cells after 
treatments was determined by MTT assays. Results were the mean 士 S.D. (n = 3). 
< 0.05, when compared to the control experiment by student's r-test. 
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Figure 3.19 Viability of transfected HepG2 cells under hyperosmotic stress. 
HepG2 cells were either mock or antiquitin transfected for 60 h. The cells were then 
subjected to different hyperosmotic media prepared by (A) NaCl, (B) sorbitol, (C) 
urea, for 24 h as the concentrations indicated. The viability of the cells after 
treatments was determined by MTT assays. Results were the mean 土 S.D. (n = 3). *户 
< 0.05; **P < 0.005, when compared to the control experiment by student's r-test. 
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treating the cells with 63mM and 250mM sorbitol, and 125mM and 500mM urea 
(Figures 3.19B and3.19C). 
3.4.9 Cell doubling times of transfected HEK293 and HepG2 cells 
The cell doubling times of the transfected HEK293 and HepG2 cells were 
shown in Figures 3.20 and 3.21 respectively. The cell doubling times of each mock 
and antiquitin transfected cells were measured until the EGFP signal started to fade 
as measured by the fluorescent plate reader. Approximately nine days (204 hs) were 
measured for both cell lines. The cell doubling time for the antiquitin transfected 
HEK293 cells was significantly longer than that of the mock transfected HEK293 
cells (Figure 3.20). 
On the other hand, for the transfected HepG2 cells, the cell doubling time for 
the antiquitin transfected cells did not have any significant difference from that of the 
mock transfected cells (Figure 3.21). 
3.4.10 Cell cycle analysis of transfected HEK293 and HepG2 cells 
As shown in Figures 3.22 and 3.23, the Gl population decreased and S 
population increased in both of the antiquitin transfected HEK293 and HepG2 cells. 
There was 10% decrease in the Gl population comparing to the mock 
transfection control, together with 8% increase in S phase and 2% increase in G2/M 
phase in the antiquitin transfected HEK293 cells (Figure 3,22). 
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Figure 3.20 Cell doubling time of transfected HEK293 cells. HEK293 cells 
were either mock or antiquitin transfected for 12 h. Then the cells were trypsinized 
and the cell numbers were counted. The cells were re-seeded as 2.5 x 10^ cells/well 
of a 6-well plate. The fluorescent intensity of the cells was measured by replacing the 
growth medium with PBS. The adherent cells were counted at the time indicated. 
The cell number of each time point was expressed as mean 土 S.D. (n = 3). < 
0.005, when compared to the control experiment by student's r-test. 
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Figure 3.21 Cell doubling time of transfected HepG2 cells. HepG2 cells were 
either mock or antiquitin transfected for 12 h. Then the cells were trypsinized and the 
cell numbers were counted. The cells were re-seeded as 2.5 x 10^ cells/well of a 
6-well plate. The fluorescent intensity of the cells were measured by replaced the 
growth medium with PBS. The adherent cells were counted at the time indicated. 
The cell number of each time point was expressed as mean 土 S.D. (n = 3). 
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Figure 3.22 Cell cycle analysis of the transfected HEK293 cells. HEK293 cells 
were mock or antiquitin transfected for 60 h. (A) Cells were trypsinized and fixed in 
70% ethanol for 4 h at 4°C. The fixed cells were labeled with 2p.g/ml PI inlOO^ig/ml 
RNase containing PBS for 30 min at room temperature. The cell cycle patterns were 
measured by flow cytometer. (B) The proportion of Gl, S and G2/M phases were 
analyzed by software Modfit. 
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Figure 3.23 Cell cycle analysis of the transfected HepG2 cells. HepG2 cells 
were mock or antiquitin transfected for 60 h. (A) Cells were trypsinized and fixed in 
70% ethanol for 4 h at 4°C. The fixed cells were labeled with 2^g/ml PI inlOO|ig/ml 
RNase containing PBS for 30 min at room temperature. The cell cycle patterns were 
measured by flow cytometer. (B) The proportion of Gl, S and G2/M phases were 
analyzed by software Modfit. 
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On the other hand, for the antiquitin transfected HepG2 cells, there was 5% 
decrease in the G1 population, 11% increase in the S phase and a 6% decrease in the 
G2/M phase (Figure 3.23). 
3.4.11 Western blot analysis of cyclin D, cyclin A and cyclin B of transfected 
HEK293 and HepG2 cells 
Figure 3.24 showed that the expression of cyclin D increased by 30% and 
cyclin A increased by 2-fold in the antiquitin transfected HEK293 cells comparing to 
the mock transfected ones. A 30% decrease in cyclin B was found in the antiquitin 
transfected HEK293 cells. Actin expression was also studied and had no significant 
difference between the mock transfected and the antiquitin transfected HEK293 cells. 
In the antiquitin transfected HepG2 cells, the expression of cyclin D did not 
have any significant change comparing to that of the mock transfected HepG2 cells. 
The expression of cyclin A and cyclin B were both increased by 20% and 60% 
respectively, in the antiquitin transfected HepG2 cells (Figure 3.25). 
3.4.12 RNA quality control tests for oligonucleotide array analysis 
Total RNA was extracted from the mock and antiquitin transfected HEK293 
and HepG2 cells. Their integrities were crucial for the accuracy and validity of the 
subsequent oligonucleotide array analysis. The RNA denaturing electrophoresis 
(Figure 3.26A and 3.27A) and Bioanalyzer™ tests (Figure 3.26B and 3.27B) showed 







































^ i  a
r








A 1  J  D  140  n 































































B :  80
0











 D  J 















00  -  ^  ^  g  , 
^^ 
«
 R  動  20  -


























































1  0  -
J
























Figure 3.24 Western blotting of cyclins D, A and B in transfected HEK293 cell. 
Whole lysate (25iag) of mock or antiquitin transfected HEK293 cells was subjected 
to Western blot analysis. Protein levels were identified using (A) anti-cyclin A, (B) 
anti-black seabream antiquitin, (C) anti-cyclin B, (D) anti-actin and (E) anti-cyclin D 
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Figure 3.25 Western blotting of cyclins D, A and B in transfected HepG2 cell. 
Whole lysate (25|xg) of mock or antiquitin transfected HepG2 cells was subjected to 
Western blot analysis. Protein levels were identified using (A) anti-cyclin A, (B) 
anti-black seabream antiquitin, (C) anti-cyclin B, (D) anti-actin and (E) anti-cyclin D 
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Figure 3.26 Isolated RNA of transfected HEK293 cells. HEK293 cells were 
either mock or antiquitin transfected for 60 h. The total RNA of the transfected cells 
was isolated by TriPure Isolation Reagent. The RNA integrity was checked before 
oligonucleotide array sample preparation, by (A) RNA denaturing gel electrophoresis 
and (B) Bioanalyzer™. The right peak represented the 28S rRNA while the left was 
18S rRNA. Only the samples with 28S/18S ratio > 1.9 would be used in the 
oligonucleotide array analysis. 
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Figure 3.27 Isolated RNA of transfected HepG2 cells. HepG2 cells were either 
mock or antiquitin transfected for 60 h. The total RNA of the transfected cells was 
isolated by TriPure Isolation Reagent. The RNA integrity was checked before 
oligonucleotide array sample preparation, by (A) RNA denaturing gel electrophoresis 
and (B) Bioanalyzer丁m. The right peak represented the 28S rRNA while the left was 
18S rRNA. Only the samples with 28S/18S ratio > 1.9 would be used in the 
oligonucleotide array analysis. 
1 5 4 
that the RNA quality for both the transfected HEK293 and HepG2 cells were good 
enough for oligonucleotide array sample preparations (Figure 3.26 and 3.27). 
3.4.13 Oligonucleotide array analysis on transfected HEK293 and HepG2 cells 
The quality of the array experiments were measured by plotting the log2 
(PM/MM) of the mock transfected and antiquitin transfected cells. Most of the genes 
expressed in the similar level and lined in the line of regression, while those 
differentially expressed due to the overexpressed antiquitin were far away from the 
line (Figure 3.28 and 3.29). 
Of the 47,000 genes on the chip, 23,400 (about 49.7%) were expressed at a 
measurable level in the mock transfected and antiquitin transfected HEK293 cells, 
whereas 24,641 (about 52.4%) in the mock transfected and antiquitin transfected 
HepG2 cells. 
For the HEK293 cells, there were 496 (about 2.1%) showed significant 
differences between the mock transfected and antiquitin transfected cells. Of these 
496 genes, 132 displayed increased expression whereas 364 displayed decreased 
expression in antiquitin transfected cells relative to the mock transfected cells. Of the 
132 genes that displayed increased expression in antiquitin transfected cells, the 
percentage change relative to levels observed in mock transfected cell varied from 
less than 2-fold to 45-fold. Only those genes increased by more than 2-fold or 
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Figure 3.28 Scatter plot of the log2 (PM/MM) of the transfected HEK293 cells. 
The log2 (PM/MM) indicated that most of the gene expression levels were very 
similar in the mock and antiquitin transfected HEK293 cells, which were lined with 
the regression line, while those differentially expressed due the overexpression of 
antiquitin were far away from the line. 
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Figure 3.29 Scatter plot of the log2 (PM/MM) of the transfected HepG2 cells. 
The log2 (PM/MM) indicated that most of the gene expression levels were very 
similar in the mock and antiquitin transfected HepG2 cells, which were lined with 
the regression line, while those differentially expressed due the overexpression of 
antiquitin were far away from the line. 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































decreased by more than 50% were analyzed giving 76 genes increased after the 
cutoff and their 户-values were reported in Table 3.4. Using the Wilcoxon's signed 
rank test by calculating the differences between Perfect Match (PM) and Mismatch 
(MM) intensities, as well as the differences between PM intensities and background, 
P-values were generated. The P-value ranges in scale from 0.0 to 1.0, and provides a 
measure of the likelihood of change and direction. Values close to 0.0 indicate 
likelihood for an increase in transcript expression level in the experiment array 
compared to the baseline, whereas values close to 1.0 indicate likelihood for a 
decrease in transcript expression level. Values near 0.5 indicate a weak likelihood for 
change in either direction. Hence, the P-value scale is used to generate discrete 
change calls using thresholds. These thresholds were interpreted as increase (I), 
decrease (D), marginal increase (MI) and marginal decrease (MD) with the 
corresponding 户-value ranged as 0 to 0.0250, 0.9975 to 1, 0.0250 to 0.0030 and 
0.9970 to 0.9975. 
The genes showing increased expression were distributed across many 
categories: DNA metabolism in the sense of regulation of transcription, cell signaling, 
cell growth and division and cell differentiation and development (Table 3.4). By the 
same token, 14 genes were found to have decreased expression in antiquitin 
transfected cells versus the mock transfected cells, the percentage change relative to 
1 7 0 
levels observed in mock transfected cell varied from -50% to -70% (Table 3.4). The 
largest categories of genes showing decreased expression were distributed across 
categories of DNA metabolism and cell growth and division (Table 3.4). 
For the HepG2 cells, 403 (about 1.6%) genes showed significant differences 
between the mock transfected and antiquitin transfected cells. Of these 403 genes, 
223 displayed increased expression whereas 180 displayed decreased expression in 
antiquitin transfected. Of the 223 genes that displayed increased expression in 
antiquitin transfected cells, the percentage change relative to levels observed in mock 
transfected cell varied from less than 2-fold to 69-fold. With the analysis cutoff used 
above, 56 genes were found increased by more than 2-fold. These genes and 
户-values were reported in Table 3.5. The largest categories of genes showing 
increased expression include DNA metabolism, cell cycle regulation, cell adhesion 
and cell signaling (Table 3.5). Only one gene can pass the cutoff of decrease by more 
than 50% in antiquitin transfected cells (Table 3.5). It was Mdm2, which was found 
to be involved in the negative regulation of cell proliferation. 
3.4.14 Two dimensional electrophoresis of transfected HEK293 and HepG2 cells 
Figures 3.30 and 3.31 showed the 2D electrophoresis images of mock 
transfected and antiquitin transfected HEK293 and HepG2 cells respectively. The 
differentially expressed proteins were circled. These protein spots were either present 
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Figure 3.30 Two-dimensional electrophoresis of mock and antiquitin 
transfected HEK293 cells. Whole lysates (500|ig) from the mock and antiquitin 
transfected HEK293 cells were separated on pH 3 to 10 nonlinear immobilized 
pH-gradient strips, following by a 1 2 % SDS polyacrylamide gel. The gel was silver 
stained. The differentially expressed proteins were circled and excised for 
M A L D I - T O F MS analysis. 
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Figure 3.31 Two-dimensional electrophoresis of mock and antiquitin 
transfected HepG2 cells. Whole lysates (500^g) from the mock transfected HepG2 
cells were separated on pH 3 to 10 nonlinear immobilized pH-gradient strips, 
following by a 12% SDS polyacrylamide gel. The gel was silver stained. The 
differentially expressed proteins were circled and excised for MALDI-TOF MS 
analysis. 
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in the mock transfected control or in the antiquitin transfected cells only. They were 
picked and subjected to MALDI-TOF MS for identification. 
3.4.15 MALDI-TOF MS of transfected HEK293 and HepG2 cells 
Of the 81 proteins (14 from mock transfected cell and 67 from antiquitin 
transfected cell) differentially expressed in the mock and antiquitin transfected 
HEK293 cells, and were excised for subsequent MALDI-TOF MS analysis, 31 
proteins (about 38.3%) were detected at a score > 60. In the transfected HepG2 cells, 
123 proteins were differentially expressed in the mock and antiquitin transfected 
cells, 28 proteins (about 22.7%) were detected at a score > 60. The score 60 was set 
to be the threshold value to assume that the identity of protein found was not a 
random match. 
For the HEK293 cells, 4 proteins (about 12.9%) were expressed only in the 
mock transfected cells whereas 27 proteins (about 87.1%) were expressed only in the 
antiquitin transfected cells (Table 3.6). The largest categories of proteins showing 
increased expression include metabolism, cell cycle regulation, cytoskeletal proteins, 
protein translation and heat shock protein. These genes and their scores were 
reported in Table 3.6. Two proteins showed decreased expression were alpha enolase 
and antioxidant protein 2. 
For the HepG2 cells, there were 14 proteins (50%) expressed only in the 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































mock transfected cells whereas 14 proteins (50%) expressed only in the antiquitin 
transfected cells (Table 3.7). The largest categories of proteins showing increased 
expression were distributed across many categories, including transcription factors, 
cell growth and differentiation, protein degradation and metabolism. The proteins 
showed decreased expression including the categories of cell cycle regulators, heat 
shock proteins and also protein for protein degradation. 
3.4.16 Genes and proteins upregulated in the antiquitin transfected HEK293 
and HepG2 cells 
The genes and proteins upregulated in the antiquitin transfected HEK293 
and HepG2 cells were categorized according to their functions. In the transfected 
HEK293 cells, around 27% genes and 50% proteins related to cell growth and 
differentiation were upregulated (Figure 3.32). In these genes and proteins, many of 
them were related to cell differentiation and development (10%) (Figure 3.33A), cell 
differentiation, proliferation and Ca^ ^ homeostasis (11%) and G2/M cell cycle 
progression and prevention of apoptosis (45%) (Figure 3.33B). 
In the transfected HepG2 cells, 22% genes and 58% proteins related to cell 
growth and differentiation were upregulated (Figure 3.34). In these genes and 
proteins, some of them related to cell cycle (33%) (Figure 3.35A), nucleotide 
synthesis (37%), mitosis and cell cycle regulation (13%). (Figure 3.35B) 
1 9 2 
A Cell growth & ^ 
d i v i s i o n differentiation 
- n , / & development 
/ 3% 




to growth ^^^^^^^^^^^^^^ 
and differentiation ^ ^ ^ ^ ^ ^ ^ ^ 
=27% 
D cell proEFeration, G2/M e e l cycle 
1 > e e l aging and progression and 
apoptos is 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ I I 
^ 
^ and cell 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ /- cycle 
receptor for nuclear ^ ^ 了 ^ protein synthesis, DNA 
export / transcription and DNA 
5 % / repair 
^ ^ 5 % 
protein degradation 




internal cell motility and 
cytoskeleton 
110/Q metabolism 
Proteins 2 1 % 
Related to cell growth and 
differentiation = 50% 
Figure 3.32 Functions of genes and proteins upregulated in the antiquitin 
transfected HEK293 cells. A. Genes upregulated detected in the oligonucleotide 
array. B. Proteins upregulated detected by the mass spectrometry analysis. 
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Figure 3.33 Functions of genes and proteins upregulated in the antiquitin 
transfected HEK293 cells related to cell growth and differentiation. A. Genes 
upregulated detected in the oligonucleotide array. B. Proteins upregulated detected 
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Figure 3.34 Functions of genes and proteins upregulated in the antiquitin 
transfected HepG2 cells. A. Genes upregulated detected in the oligonucleotide array. 
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Figure 3.35 Functions of genes and proteins upregulated in the antiquitin 
transfected HepG2 cells related to cell growth and differentiation. A. Genes 
upregulated detected in the oligonucleotide array. B. Proteins upregulated detected 
by the mass spectrometry analysis. 
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Discussion 
Antiquitin has an exceptionally high degree of amino acid sequence 
conservation among species homologs. Surfing the NCBI database, there are more 
than 421 antiquitin similar nucleotide sequences and 30 antiquitin amino acid 
sequences reported (June 2005). The number is believed to increase with the 
completion of more genome sequencing projects. These species ranged from 
unicellular {D. discoideum, NCBI Accession no. P83401), to multicellular organisms, 
plants to animals, lower plants {T. rural is, AAK59375) to higher plants (P. sativum, 
P25795; H. vulgare, BM816377; B. napus, Q41247; A.thaliana, Q92YQ7), 
invertebrate (C. elegans, P46562) to vertebrate (A. schlegelii, AAX54912; M. 
musculus, Q9DBF1 and H. sapiens, NP_001173) (Table 1.1). The wide coverage of 
antiquitin in different genomes together with the high sequence homology drew our 
attention to look at the function of this evolutionarily conserved protein in the cell. 
We first hypothesized that antiquitin is involved in the osmotic adaptive 
pathways in the cell. It was based on the observation that antiquitin was first 
discovered in the wilting shoot of the green pea (Guerrero et al., 1990). Subsequently, 
it was also found in the dehydrating and salt-stress leaf and root of Brassica napus 
and barley (Stroeher et al., 1995 and Oztur et al., 2002). Its mRNA level was found 
to be upregulated when the plants were under the hyperosmotic stress. These also led 
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to the common belief that the antiquitin function is to be osmoregulation (Vasiliou 
and Nebert, 2005). Indeed, the expression of plant antiquitins was termed to be 
turgor responsive (Guerrero et al., 1990; Stroeher et al, 1995; Oztur et al., 2002) and 
varied under different environmental influences (Stroeher et al., 1995). 
Not much is known about the inducibility of animal antiquitins under drought. 
Animal cells seldom face the condition of desiccation, except perhaps only after 
severe bum, but there were occasions for the animal cells in different tissues or 
organs to face the problem of dehydration. For example, such condition can be seen 
in the liver cells under the influence of hormones (Warskulat et al, 1996), as well as 
in the kidney cells where urine was concentrating for excretion. Therefore the mRNA 
expression of antiquitin in dehydrated HEK293 and HepG2 cells, by hyperosmotic 
media was studied. 
Gene expression by hyperosmotic stress could be due to hyperosmotic and/or 
ionic stress. To differentiate between these, the effect of different salts, sugars, sugar 
alcohols and urea on antiquitin expression was determined. Three different salts 
(NaCl, KCl and MgCh) were used as ionizing osmotica, three different sugars 
(glucose, fructose and sucrose), two sugar alcohols (sorbitol and mannitol) and urea 
were used as non-ionizing osmolytes; all were used at comparable osmolarities and 
shock rate as determined by the cell viability assays (Tables 1.3 and 1.4). 
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Lack of inducibility of antiquitin in HEK293 and HepG2 cells under 
hyperosmotic stress 
The present results showed that the mRNA level of antiquitin in the HEK293 
and HepG2 cells was not responsive to the hyperosmotic stress exerted by NaCl, KCl 
and MgCh (Figures 1.8 and 1.12). Such lack of inducibility was previously observed 
in the moss Tortula ruralis antiquitin (ALDH7B6) (Chen et al, 2002). In that study, 
EST analysis was used to study genes that mediate vegetative desiccation tolerance. 
The results showed that ALDH7B6 mRNA expression declined moderately in 
response to NaCl, leading to the suggestion that ALDH7B6 may play a key role in 
the constitutive-tolerance mechanism specific to Tortula ruralis by detoxifying 
aldehydes generated early in the desiccation process. A similar phenomenon was also 
observed in mammalian cells. Antiquitin is expressed in a variety of human fetal 
tissues, especially cochlea, eye, heart and kidney (Skvorak et al, 1997), the tissues 
which are under great hydrostatic pressure. In rat cochlea, antiquitin is only 
expressed in the outer hair cells, but not in the inner or vestibular type-1 hair cells. 
Coincidently, only the outer hair cells are under positive hydrostatic pressure for the 
cochlear functions properly. Collapse of the outer hair cells occurs upon exposure to 
hyperosmotic medium (Skvorak et al, 1997). This supports the suggestion that the 
constitutive expression of antiquitin is to maintain a proper osmotic pressure. 
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Aldose reductase, sodium/m少 o-inositol cotransporter (SMIT), the 
sodium/chloride/betaine cotransporter are well known to be regulated by 
hyperosmolarity in mammalian cells (Galvez et al., 2003; Weik et al., 1998; Kwon et 
al, 1992). Their up-regulation by NaCl was obvious after 6 to 24 h of incubation 
(Moriyama et al, 1989; Huang and Tunnacliffe, 2004). Promoter studies of the 
human aldose reductase and sodium/chloride/betaine cotransporter by electrophoretic 
mobility shift assay showed that there are several consecutive osmotic responsive 
elements (ORE) (TGGAAAATTACC) (Ferraris et al, 1996b) or turgor responsive 
element (TonE) (TGGAAAAGTCCA) (Takenaka et al, 1994) in their promoter 
regions. In contrast, a BLAST search of the putative promoter region of human 
antiquitin fails to reveal any known ORE, TonE or hypertonicity-responsive element 
(HRE) (GCTCCCCCC) (Umenishi et al, 2002). These in silico bioinformatics data 
therefore agree with our experimental observation on the cultured HEK293 and 
HepG2 cells. On the other hand, MYB-binding site (MBS) (CAACTG)，related to 
drought-inducibility was found in the antiquitin promoter region of Arabidopsis 
thaliana. This suggested that the higher plant antiquitin may have different roles as 
the animal antiquitin does, therefore the regulations for their expression may not be 
the same. 
Sugars were also used to exert hyperosmotic stress on the HEK293 and HepG2 
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cells. Sugar movement is regulated by the sugar transporters which are also 
candidates of water channel in macrophage (J774) and Xenopus laevis oocytes 
(Fischbarg et al, 1989; 1990), which in turn regulate cell volume. Our results 
showed that upon high sugar concentration treatments, the expression of antiquitin 
was not induced or might even be downregulated slightly. 
Hyperosmolarity induces accumulation of betaine, sorbitol, inositol, and other 
organic osmolytes in the cells (Smardo et al, 1992; Burg et al, 1997). Increased 
accumulation of these organic osmolytes reduces the levels of 
sodium/chloride/betaine cotransporter and aldose reductase (Ferraris et al, 1996a). 
The expression of antiquitin in HEK293 and HepG2 cells was found to be 
downregulated after sorbitol and mannitol treatments; hence the role of antiquitin in 
osmoregulation could not be totally excluded. 
Genes encoding proteins essential for osmolyte transport or synthesis are 
regulated by hyperosmolarity at the transcriptional level by member of the nuclear 
factor of activated transcription (NFAT) family of transcription factors, 
tonicity-responsive enhancer binding protein (TonEBP). Urea inhibits 
hypertonicity-inducible TonEBP expression and action (Tian and Cohen, 2001b). 
Thus, hyperosmotic stress alone cannot activate the cell adaptive pathway towards 
NaCl (Kultz and Chakravarty, 2001a). Urea is a permeant solute which failed to 
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inhibit proteasome function or p38 signaling in response to hyperosmolarity (Tian 
and Cohen, 2001a). The expressions of antiquitin in HEK293 and HepG2 cells were 
slightly upregulated in 200mM and 300mM urea exerted hyperosmotic stress. As 
urea activates the cellular hyperosmotic adaptive pathway in a way different from 
that by NaCl, therefore a longer incubation time may be needed for further study of 
antiquitin function. 
Possibilities of alternative splicing of human antiquitin 
Owing to the fact that different isoforms of human antiquitin seemed to be 
present in the cells (Figure 1.2), the possibilities of human antiquitin to have 
alternative splicing were therefore studied. Human cells extensively use alternative 
splicing to produce different proteins from a single gene (Lee and Wang, 2005). So it 
is not surprising that there were many human antiquitin splicing variants. Seven 
splicing variants were reported thus far (Figure 2.3). They were the EST generated 
by different tissue cDNA libraries. These libraries included the neuroblastoma, infant 
brain, human embryonic stem cells, placenta and ten-week old whole human embryo. 
One of these EST, which was differentially expressed in the human embryonic stem 
cells during differentiation (NCBI Accession no: CN277487), was found to have a 
different deduced amino acid sequence as does those translated from the ORF (NCBI 
Accession no.: NM_001182) used in this project (Brandenberger et al., 2004). The 
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catalytic site of ALDH was also conserved in this variant. More experiments have to 
be done to see which one would be the dominated form in the cells and whether the 
functions that they carry are the same. 
In silico studies of human antiquitin promoter 
Antiquitin has been considered to be a ‘stress aldehyde ALDH' (Chen et al., 
2002) rather than a 'turgor-responsive ALDH,. To gain further insights into the 
mechanism by which antiquitin functions in the cells, the promoter region was 
studied by searching on the computer so as to learn more about the transcription of 
antiquitin be regulated in the hope that genes related to the similar pathways would 
be spotted out. Surprisingly, there were not much cz\y-acting elements found in the 
human antiquitin promoter, especially when compared to that of Arabidopsis 
thaliana. The putative cz^-acting elements found on the human antiquitin promoter 
were namely XRE，E-boxes for HIF binding, HSF, CREB, Spl, AP-2 and NF-IL6. 
After binding of the corresponding transcription factors, the transcriptional activity 
of the genes downstream the promoter would be altered, simply upregulated or 
downregulated or the length of pre-mRNA transcribed would be different, leading to 
various mRNA splicing isoforms and so as the amino acid sequences. These 
alterations were aimed as to let the cell better adapted to the challenges facing, and as 
a global sense to the whole organism. Such alterations may stop the damaged cells 
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from harming the organism by itself, like the initiation of cancer cell after DNA 
damage. 
Lack of inducibility of antiquitin in HEK293 and HepG2 cells under other stress 
Based on the in silico study of antiquitin promoter, experiments were designed 
to study those putative c/^-acting elements, in order to find out their effects on 
antiquitin transcription. Our results showed that upon chemical hypoxia, by 
2-deoxy-D-glucose alone or in the combination with sodium azide, the mRNA level 
of antiquitin declined moderately in the HEK293 cells but did not change in the 
HepG2 cells, which was not alike the response to hypoxia like the rabbit Aldhlal 
(Hough and Piatigorsky, 2004). 
Similarly, the expression level of antiquitin was not significantly altered, after 
treating the cells with elevated temperature or hypoosmotic media, which were able 
to elicit heat-shock factor binding (Huang et al., 1995). The expression level of 
antiquitin under the oxidative stress by /BHP or H2O2 was also remained no 
significant change. This may due to the inexistence of these c/^'-acting elements, 
despite the scores for their likeliness to be presented were higher than the threshold 
of random sequence. These may also imply that antiquitin is not directly related to 
the protection of cells under these conditions. 
Thus far, we failed to find a condition in which antiquitin could be induced in 
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the cultured HEK293 and HepG2 cells. Our results were consistent with the 
published data of Lee et al (1994). In that study, antiquitin in HepG2 was not 
induced by heat shock, dehydration, ionizing irradiation or treatment with iron, rBHP 
or glucocorticoids. 
While the human antiquitin protein is likely to have similar catalytic functions 
as the plant owing to the high (60%) amino acid sequence identity, together with the 
conservation of the ALDH catalytic site. Although the way of induction appears to be 
different, however, even in plants, antiquitin may not serve only a turgor-responsive 
role. 
Role of human antiquitin in cell growth and differentiation 
Other than the suggestion of antiquitin to be involved in osmoregulation, it was 
found that the mRNA level of antiquitin (ALDH7B5) increased during the growth 
stage of apple fruit (Yamada et al, 1999). Antiquitin was highly expressed during pig 
oocyte maturation in vitro (Ellederova et al, 2004). These observations suggested 
that antiquitin may also play a role in cell growth and differentiation. 
The in silico promoter search revealed that there are several others c/^-acting 
elements, including Spl, AP-2, NF-IL6, CREB. Since CREB, AP2 and NF-IL6 are 
known to be responsive to cAMP (Faisst and Meyer, 1992), forskolin, a cAMP 
homolog was used to treat cells. Binding of it stimulates the increase in cellular 
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cAMP level. It was included to see whether it affects antiquitin expression. However, 
the antiquitin mRNA was also not affected after challenging with forskolin. This 
suggested that antiquitin may not respond directly to the stimulation of just a single 
elicitor, but a more global and regulated stimulation. 
AP-2 and NF-IL6 are also reported to be responsive to retinoic acid (Duprez et 
al., 2003; Imagawa et al, 1987)，which is a crucial chemical for cell differentiation. 
As neither HEK293 nor HepG2 is known to be inducible to differentiate, therefore 
the SHSY5Y cell line, a neuroblastoma, which is able to differentiate upon 
stimulation (Simpson et al., 2001)，was used to study the antiquitin expression along 
its differentiation. It was found that the antiquitin expression level oscillated during 
the time. The antiquitin expression level decreased as long as retinoic acid was added 
to the culture media leading to the elongation of cells, on the first three days of 
stimulation. As the cells took two steps to complete its differentiation, interestingly, 
the antiquitin expression level increased again for the cells to enter the next step of 
differentiation by N2 supplement (Figure 3.13). After the N2 supplement was applied, 
the cells differentiated with the appearance resemble more to the neuritis with longer 
dendrites, antiquitin mRNA level dropped again. This observation may imply that the 
expression of antiquitin does not play a direct role during cell differentiation but an 
indirect one for the cell to prepare for going into differentiation, but once the cell 
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started to differentiate, its level fell. This notion was supported by the upregulation of 
genes and proteins related to early cell growth and differentiation in the HEK293 and 
HepG2 cells after overexpression of antiquitin. 
Antiquitin was hypothesized to be related to cell growth and differentiation 
This result let us rethink the clues on antiquitins that we have in the plant cells 
as well as the animal cells. Antiquitin mRNA level was found to be upregulated in 
the wilting leaf and shoot rather than the root of the green pea, where the antiquitin 
mRNA level was apparently downregulated (Figure 1.1). This observation suggested 
that antiquitin may have a role in osmotic stress resistance which we have studied in 
HEK293 and HepG2 cells as mentioned. Moreover, this observation also gave 
another implicit function of antiquitin in cells, which was related to cell growth. 
The leaves, shoots and roots have different responses to the drought and salinity 
exerted osmotic stress on a plant. The plant growth was largely arrested when the 
plant was under osmotic stress (Lopez-Molina et al., 2003). Mild osmotic stress leads 
rapidly to growth inhibition of leaves and stems, whereas roots may continue to 
elongate (Spollen et al., 1994). Such growth arrest can be considered as a way to 
preserve carbohydrates for sustained metabolism, prolonged energy supply, and for a 
better recovery after stress relief. Under osmotic stress, photosynthesis was also 
inhibited due to the closure of stomata (Pace et al., 1999). The inhibition of shoot 
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growth during water deficit is thought to contribute to solute accumulation and thus 
eventually to osmotic adjustment (Osorio et aL, 1998). Conversely, continuation of 
root growth under drought stress is an adaptive mechanism that facilities water 
uptake from deeper soil layers. Similarly, continued root growth under salt stress 
may provide additional surfaces for sequestration of toxic ions, leading to lower salt 
concentration (Bartel and Sunkar, 2005). 
This suggests the possibility for antiquitin to take part in the growth inhibition 
in the tissue, in terms of regulating the cell cycle. Proteins taking part in the cell 
cycle were also highly conserved throughout evolution as well as having high amino 
acid sequence homology across different species, such as cyclins (Das and Ravi, 
2004) and members of the 14-3-3 protein family (Martens et al., 1992). Similarly, the 
high sequence homology of antiquitin made us believe that its function is a 
fundamental one. The role in stress resistance or adaptive is one of them, and cell 
cycle regulation would be the other. 
Antiquitin may have a role in cell cycle regulation in terms of pausing the cell 
cycle at a particular phase, and / or driving the cells to differentiate afterwards. This 
suggestion was based on the above observations, as well as the presence of the 
putative cis-acting elements related to cell growth and differentiation (Spl, AP-2 
and NF-IL6) (Buck and Chojkier, 2003; Su et al., 2003; Motonaga et al., 2002; 
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Zhou and Chiang, 2002) found in the human antiquitin promoter regions. Spl 
usually functions as transcriptional activator for structural proteins, metabolic 
enzymes, cell cycle regulators, transcription factors and growth factors (Banchio et 
al., 2004; Giatzakis and Papadopoulos, 2003). It is worth to note that there are 
many putative Spl binding sites found on the human antiquitin promoter together 
with many CG rich regions on it. Such combination may link the function of 
antiquitin to cell growth and differentiation. When the cell came to the final stage of 
differentiation, its transcription level dropped by methylation of its promoter at the 
CG rich regions. Furthermore, the synergistic effects of Spl and AP-2 usually lead 
to differentiation (Benson et al, 1999; Dharmavaram et al., 1997). These seem to 
suggest that this highly conserved protein might have a multi-functional role in cells 
throughout the cell cycle, rather than simply function as a ‘turgor-responsive 
ALDH’ or ‘stress aldehyde ALDH' (Chen et al., 2002). We hypothesized that 
antiquitin played a role in cell cycle regulation leading to cell growth inhibition, 
which may further lead to cell differentiation. 
We cloned the antiquitin ORF under a constitutive promoter and transfected it 
into the HEK293 and HepG2 cells for 60 h, so that antiquitin would be 
overexpressed in the cells. It was hoped that the overexpression of antiquitin in the 
cell would lead to upregulation of the genes and proteins of the pathways that 
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antiquitin participate, whereas genes and proteins that counteract the responses of 
antiquitin would be downregulated. This allowed more clues to hypothesize the roles 
of antiquitin in human cell, which was still unknown after its first discovery in the 
human genome in 1995 (Lee et al., 1995). 
Upregulation of a gene and then protein in the cells may exert a negative 
feedback response to the molecules upstream the pathway and a positive feedback to 
the downstream molecules until it reached another equilibrium. On the other hand, if 
the overexpressed protein is at the rate limiting step in the pathway, the upregulation 
of the entire pathway activity will be resulted. The physiologies of the transfected 
cells including the cell doubling time, cell cycle，the alterations of transcriptome and 
proteome after transfection were therefore studied. 
Antiquitin transfected HEK293 cells 
The cell doubling time, cell cycle analysis and Western blotting of the antiquitin 
transfected HEK293 cells showed that antiquitin may be involved in cell cycle 
regulation in the cells. The cell doubling time of the antiquitin transfected HEK293 
cells was significantly lengthened. This may be due to the cells death rate was higher 
than that for cell division. The transfection of antiquitin leads to the death of both the 
parent cells as well as the newly divided daughter cells. This leads to the decrease in 
viable cell counted. On the other hand, the lengthened cell doubling time may also be 
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due to the increase in the time for a cell cycle to complete. 
The percentage of cells found in the S and G2/M phases were increased in the 
antiquitin transfected HEK293 cells. This may be due to the shortening of the time 
for Gl phase to complete, and more cells entering the S phase and then G2/M phase. 
Also, when cells detected something ‘abnormal,，may lead to cells accumulation in 
the S and G2/M phase and halt the cell cycle at the phases. These included 
chromosome damages, lack of active signaling molecules for the subsequent phase, 
and the delay degradation of the signaling molecules of the previous phases, or for 
the cell to prepare to go to differentiation. Any one of the above lead to the 
lengthening of the time for cell cycle to compete (Dai et al，2000 and Libbus et al., 
1980b). 
To gain more insights into the role of antiquitin in the cell cycle regulation, we 
studied the expression level of cyclin A, B and D in the extracts from mock and 
antiquitin transfected HEK293 cells. A significant increase in cyclin A and D were 
found, as well as the decreased expression of cyclin B in the antiquitin transfected 
HEK293 cells comparing to the mock transfected HEK293. 
These results indicated that the time for cell cycle to complete in the antiquitin 
transfected HEK293 cells was lengthened. The high expression amount of cyclin A 
indicate that the cells were still mainly in the S phase, the expression of cyclin B was 
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not as high as the mock transfected cells, implying that the cells were either entering 
the G2/M phase or already undergoing mitosis (chromosome separation) (Figure 3.1) 
(Kim and Kaelin, 2001). The increased cell doubling time of antiquitin transfected 
HEK293 cells suggested that the former situation is more likely. 
For a cell to go into differentiation, its cell cycle has to be stopped at S phase 
(Libbus and Hsu, 1980a). The arrest of cell cycle together with suitable stimulating 
signal drives the cells to differentiate or undergo apoptosis in white blood cells 
(Huang et al., 2005). This observation was coincident with the results obtained in the 
cell cycle analysis of antiquitin transfected HEK293 cells. 
HEK293 is an embryonic cell line, yet its ability to differentiate has not been 
reported thus far. After antiquitin was overexpressed in the HEK293 cells, comparing 
to the mock transfected control cells, it can be seen that quite a lot of genes and 
proteins related to cell cycle regulation as well as for the cell or organ differentiation 
was upregulated. These proteins included 14-3-3 epsilon (Takihara et al., 2000)， 
14-3-3 zeta/ delta (Aitken et al., 1995), annexin V (Tumay et al., 2001), calreticulin 
precursor (Wheeler et al., 1995), centromeric protein E，mitochondrial stress-70 
protein precursor, peptidyl-prolyl cis-trans isomerase A, tropomyosin; and the genes 
included cell cycle related kinase etc. 
In addition, the upregulated proteins and genes revealed by mass spectrometry 
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and oligonucleotide array showed that they mainly functioned in the G2/M 
checkpoint. For example, 14-3-3 epsilon prevents mitosis in normal embryo (Su et 
aL, 2001). Centromeric protein E is a kinetochore-associated motor protein that is 
postulated to segregate chromosomes during mitosis (Testa et al., 1994). 
Proteins related to cell differentiation signaled by Ca^ ^ were also found to be 
upregulated; they included annexin V (Guzman-Aranguez et al, 2005) and 
calreticulin precursor (Mesaeli et al, 1999). These suggested that the increased S 
phase population may not lead to cell cycle arrest and the subsequent apoptosis, but 
preparing the cells to go to differentiation. However, as there was no external 
stimulus for the cells to further differentiate, the cells divided slowly and also have 
the expression of proteins for the differentiation, the cell died, resulting in an 
increased cell doubling time. Further experiments have to be done to confirm the role 
of antiquitin in the S/G2/M phase cell cycle regulations. 
Antiquitin transfected HepG2 cells 
On the other hands, a quite different picture was seen in the antiquitin 
transfected HepG2 cells. The cell cycle of the antiquitin transfected HepG2 cells 
showed a clear S phase arrest, with both the G1 and G2/M phase populations 
decreased. The higher expression of cyclin A and B in the antiquitin transfected cells 
indicated that the cells were arrested in the S to G2/M transition. However, quite 
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interestingly, the cell doubling time of the antiquitin transfected HepG2 cells did not 
have significant difference from that of the mock transfected cells. That is, 
apparently though the cells have related longer S and G2/M phase in the cell cycle of 
the antiquitin transfected cell, the time for a cell cycle to complete did not increase in 
the antiquitin transfected HepG2 cells. 
The gene and protein expression patterns of antiquitin transfected HepG2 cells 
were also different from that of the antiquitin transfected HEK293 cells, but the 
categories for them to fit in, in the two cell lines having similar functions, including 
cell cycle regulation and cell differentiation mainly, but more proteins involved in 
metabolism were also found to be upregulated in antiquitin transfected HepG2 cells. 
The cell cycle regulator proteins, mainly functions at the G2/M checkpoints too, may 
be the reason why the antiquitin transfected HepG2 arrested at the S phase of the cell 
cycle. The downregulation of the Mdm2 gene, a negative regulator of cell 
proliferation, by more than 50% may lead to the result that the cell doubling time for 
antiquitin transfected HepG2 cells did not have significant difference from that of the 
mock transfected cells, though the cells were accumulated in the S phase. 
Some proteins and genes for cell differentiation were also upregulated, these 
included alpha enolase and retinol-binding protein I (Lin et al., 2003; McCaffery and 
Drager, 1993). The difference in the proteins and genes for cell differentiation may 
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be due to the different origins of the cell lines. 
The antiquitin transfected cells response to hyperosmotic stress 
After transfection, the responses of cells towards various hyperosmotic stress 
exerted by NaCl, sorbitol and urea were first studied to see if the stress resistance of 
the transfected cells is enhanced due to the over-expression of antiquitin. It is not 
surprising that the stress resistance of the transfected cells did not have much 
improvement, as antiquitin may not play a direct role in it as previously. Differences 
were observed in HepG2 cells, in which the stress resistance was slightly enhanced 
after overexpression of antiquitin under hyperosmotic stress of sorbitol and urea. 
The relative increase in Brassica napus antiquitin mRNA in leaf resulted from a 
decreased in relative water content (RWC) and not the time exposed to drought stress. 
This plant antiquitin expression level reached a maximum when the RWC has 
dropped by 40% but the transcript levels decreased as RWC continued to drop further 
(Stroeher et al‘, 1995). This may give another implication that antiquitin help to halt 
the cell cycle at some points for growth and proliferative inhibition, so that the whole 
plant water can be reserved as aforementioned. However, when the RWC continue to 
stop and passed a ‘no-retum point' that the cell cannot be recovered even after 
rehydration, antiquitin level therefore dropped to let the cell to commit cell death. As 
in normal drought conditions, the leaf water potential would not continue to drop, 
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instead, it will drop in the beginning and then owing to the accumulation of the 
osmoprotectants, the water potential would return to normal (Ueda et al., 2004). 
Such a pattern was not observed in dehydrated HEK293 and HepG2 cells by various 
substances including salts, sugars，sugar alcohols and urea. This may be related to the 
fact that animal cells when upon dehydration stress tended to divide at the same rate 
as the unstressed cells (Kultz and Chakravarty, 2001b), the cell cycle of these cells 
therefore should be enhanced to run faster rather than stopping it, therefore the 
expression level of antiquitin in these cells were not increased but some slight 
downregulation was registered, and overexpression of antiquitin in these cell lines 
did not help to improve the stress resistance ability. 
For the antiquitin overexpressed HEK293 cells, it can be seen that the 
overexpression of antiquitin did not help to enhance stress resistance but even 
weaken it. However, in the antiquitin overexpressed HepG2 cells, the stress 
resistance seemed to be slightly enhanced at some points. The antiquitin transfected 
HEK293 and HepG2 cells also have other properties demonstrated quite differently, 
therefore more experiments have to be done in order to find out the roles of antiquitin 
in the normal and cancer cell lines. Also, it required further experimental prove for 
whether the differences were also due to the different origins of the cells. 
Moreover, the level of Brassica napus antiquitin mRNA was not affected by low 
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salt regardless of the length of exposure of high salt contents (Stroeher et al., 1995)， 
while the low salt containing water (50mM NaCl) for plant watering did not alter the 
plant growth pattern. In Stroeher's findings, they also suggested that the stress 
induced changes in Brassica napus antiquitin mRNA levels were not the result of 
water loss in the leaves since none of the treatments resulted in visible wilting or in a 
significant reduction in RWC below control levels. Besides, the failure in the 
expression of antiquitin was correlated with the clonal expression of the PIG-A 
mutated stem cells causing paroxysmal nocturnal hemoglobinuria (PNH) (Kanai et 
al, 1999). These together with the observation in the present research suggested the 
role of antiquitin in cell cycle regulation rather than only stress resistance. 
ALDH3A1 was also found to be constitutively expressed in the mammalian 
corneal epithelial cells, therefore its function was thought to be related to the defense 
system that protects the eye against oxidative damage (Pappa et al., 2003a, b; 
Vasiliou et al., 1999b). Yet, recently, its function has been demonstrated not to be 
only on detoxification as does other ALDH, but also in the growth inhibition of the 
corneal cells (Pappa et al., 2005). It was demonstrated to be extensively localized in 
the cytosol, however, Pappa and his colleagues found that ALDH3A1 was also 
localized in the nucleus, thanks to the existence of the bipartite NLS. Moreover, it 
has also been reported that cytosol proteins were able to be transported into the 
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nucleus after post-translational modifications such as phosphorylation and 
dephosphorylation in the yeast protein (Jans, 1995). Case was also reported in the 
heat shock factor (HSF), which the prior trimerization was necessary for them to be 
transported into the nucleus for the transcription of the downstream heat shock 
protein (Caruccio et al., 1997). 
The four putative bipartite NLS found in the human antiquitin amino acid 
sequence reserved the room for human antiquitin to be transported into the nucleus, 
where it exerts its influence on the cell cycle. Nonetheless, it is also well-known that 
for the cell cycle to turn normally, not only are the extensive nucleus activities 
crucial, but also the cytosol translational activities and inter-cellular transportations. 
Examples included the translation of cytoskeletal protein and spindle-myosin for 
their attachment to the kinetochores of the sister chromatids; and Ca^ ^ signaling, as 
the overexpression of antiquitin also upregulated a number of Ca^ ^ signaling 
molecules, calreticulin precursor and annexin V. 
Furthermore, for an oocyte to mature for fertilization takes two consecutive 
genome separations (M phase) but without any DNA synthesis (S phase) in between, 
it is known as meiosis. Actually, in between the germinal vesicle breakdown and the 
first meiotic cell division in the oocyte, there was a cell cycle arrest (first arrest), 
which requires further growth stimulation for the oocytes to escape from this first 
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arrest and have the first meiotic cell division (Dworkin and Dworkin-Rastl, 1985). 
After that, there is the second meiotic cell division arrest, not until the sperm meets 
egg, the oocyte would not undergo the second meiotic division for successive 
fertilization. During the period, antiquitin protein level increased with time. What is 
more important to note is that the first mitotic cell division of the fertilized egg to the 
early development of the cells was actually using the maternal mRNA prepared in the 
oocyte during the time it awaits fertilization (Dalbies-Tran and Mermillod, 2003). 
Therefore, it is reasonable to suggest that the keep on increasing of antiquitin protein 
level was to stop the cell cycle (first and second arrest) as well as preparing the ‘raw 
materials' for the fertilized egg to differentiate. From the oligonucleotide array and 
mass spectrometry results, it can be seen that a number of cell growth and 
differentiation proteins were upregulated in the antiquitin transfected HEK293 cells; 
while not all the proteins of this type was upregulated but those involved in the later 
differentiation was downregulated. This leads to a further suggestion that antiquitin 
may be involved in cell growth inhibition and early cell differentiation preparation 
rather than the later one, like the stem cells in the bone marrow. It can be seen that 
the PNH clones expanded in the bone marrow with antiquitin did not express, which 
were still able to differentiate to the PIG-A mutant red blood cells (Kanai et al., 
1999). 
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The presence of many alternative splicing EST of antiquitin were enriched in 
the human infant, fetus and embryo tissues rather than other EST projects. The 
antiquitin variants arisen may allow the complex cell differentiation regulation. 
Yet, it is just too early to conclude the role that antiquitin plays relating directly 
to the cell growth and differentiation. However, as an evolutionary conserved protein, 
the role of antiquitin in the cells should be of indispensable importance. Further 
experimental evidence is definitely needed to find out the mechanism of how 
antiquitin works in the cell during cell growth and differentiation. 
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Appendix 
The list of materials used in the research project 
Names Sources Catalogue No. 
30%Acrylainide/ bis solution 37.5:1 Bio-rad 161-0159 
Agar Sigma Chemical A7002 
Agarose Sigma Chemical A9414 
Alpha-cyano-4-hydroxycinnamic acid Sigma Chemical C8982 
Ammonium persulfate Amersham US76322 
Ampicillin Sigma Chemical A9518 





Anti-cyclin B SC-245 
Biotechnology 
Applied Biosystems HS00277039_ 
Anti-cyclin D 
Ml 
Anti-mouse IgG Amersham NA931 
Anti-rabbit IgG Amersham NA934 
/-Butyl hydroperoxide Sigma Chemical B2633 
Bicinchoninic acid solution Sigma Chemical B9643 
Boric acid Amersham US76324 
Bovine serum albumin Sigma Chemical A2153 
Bromophenol blue Sigma Chemical BO 126 
CHAPS Amersham 17-1314-01 
CO2 independent medium GibcoBRL 18045-088 
2 4 3 
USB (United States 
Coomassie brilliant blue R-250 BO 149 
Biochemical) 
Copper (II) sulfate pentahydrate Sigma Chemical C2284 
DESTREAK rehydration solution Amersham 17-6003 -19 
Diethylpyrocarbonate USB US 14710 
3-[4,5-dimethylthiazole-2-yl] 2,5,-diphenyl Amersham 
US 19265 
tetrazolium bromide 
1 OObp DNA ladder Invitrogen 15628-019 
500bp DNA ladder Invitrogen BM004-250 
Dithiothreitol Sigma Chemical D0632 
DMEM-F12 GibcoBRL 12400-024 
DNase/RNase free distilled water Invitrogen 10977-015 
Dry strip cover fluid Amersham 17-1335-01 
Dulbecco's Modified Eagle Media GibcoBRL 12100-046 
Enhanced chemiluminescence's reagents Amersham RPN2106 
Ethylenedinitrilotetraacetic acid Sigma Chemical E9884 
Fetal Bovine Serum GibcolBRL 16000-044 
Formaldehyde solution Sigma Chemical F1268 
Forskolin Merck 344270-25MG 
Gel extraction kit Qiagen QIA-28706 
Glycerol Amersham US 16374 
American Type 
HEK293 cell line CRL-1573 
Culture Collection 
American Type 
HepG2 cell line HB-8065 
Culture Collection 
2 4 4 
Horse serum GibcolBRL 16050-122 
Immobiline-drystrip 13cm pH 3-10 linear Amersham 17-6001-14 
lodoacetamide Amersham RPN6302 
IPG-buffer pH 3-10 linear Amersham 17-6000-87 
Kanamycin sulfate Invitrogen 11815-032 
Luria-Bertani broth Amersham US75852 
Lipofectamine Invitrogen 18324-020 
Low molecular weight-SDS Marker kit Amersham 17-0446-01 
2-Mercaptoethanol Sigma Chemical M3148 
M-MULV Reverse transcriptase MMLV Amersham E70456Z 
MOPS Sigma Chemical M1254 
N, N-dimethylformamide Sigma Chemical 31993-7 
N-2 supplement liquid Invitrogen 17502-048 
Non-essential amino acid solution GibcoBRL 11140-050 
Notl New England Biolab RO189S 
pBudCE4.1 Invitrogen V53220 
PGR cloning kit Qiagen 28106 
pEGFRNl Clontech 6085-1 
Penicillin-streptomyscin solution GibcoBRL 15140-122 
Plasmid Midi Kit Qiagen 12143 
Plasmid Mini kit Qiagen 27106 
Platinum Tag DNA polymerase Invitrogen 10966-034 
Plus reagent Invitrogen 11514-015 
Poly-D-lysine hydrobromide Sigma Chemical P1149 
Polyxyethylene-sorbitan monolaurate Sigma Chemical P13 79 
2 4 5 
Potassium hexacyanoferrate (III) Sigma Chemical P8131 
dATP, dCTP, dGTP，dTTP kit set Promega U1240 
Protease inhibitor cocktail Sigma Chemical P8340 
RNase A Calbiochem F78020Y 
RNase/DNase-free distilled water GibcoBRL 10977-015 




SHSY5Y cell line CRL-2266 
Culture Collection 
Silver staining kit for protein Amersham 17-1150-01 
Sodium bicarbonate Sigma Chemical S8875 
Sodium dodecyl sulfate Sigma Chemical L3771 
Sodium thiosulfate Sigma Chemical 217263 
D-Sorbitol Amersham US21710 
Super RX Film Fuji F050.099 
T4 DNA ligase New England Biolab M0202S 
Trifluoroacetic acid neat liquid Applied Biosystems 40013 7 
TriPure Isolation Reagent ROCHE 11667165001 
Tris Amersham US75825 
Trypan blue Sigma Chemical T8154 
Trypsin Gold Mass Spec Grade Promega V5280 
Trypsin-EDTA 0.25% GibcoBRL 25200-072 
Tryptone Sigma Chemical T9410 
Urea Sigma Chemical U4883 
Xhol New England Biolab R0146S 
2 4 6 
Xylene Cyanol Amersham US23513 
Yeast Extract Amersham US23547 
Zeocin Invitrogen R250-1 
Zip Tip CI8 Millipore ZTC188096 
2 4 7 

CUHK L i b r a r i e s 
0 0 4 2 7 0 3 9 6 
